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NSL-ALO1
GENERAL PROCUREMENT SPECIFICATION FOR

NASA SPECIAL LONG-LIFE /NSL) TRANSISTORS

1. SCOFE

1.1 Applicability

This specification is part of the system of Part Control Packages
for controlling NASA Special Long-Life (NSL) parts, described in NASA
CR-66742-1. This specification is general s2ction A of Part Control Package
NSL-4O1, and defines the general parts procuremeat requirements fcr all NSL
transistors. This specification and the applicable detail procurement speci-
fication, NSL-AhOl/ , are mandatory whenever NSL transistors are specified.

1.2 Part Identification

Tr-nsistors procured under this general specification shall be identi-
fied by the NSL part type number defined in the applicable detail procurement
specification.

1.3 Part Manufacturer Identification

Transistors procured under this general specification shall be manu-
factured and obtained directly and only from the part manufacturer identified
in the applicable detail procurement specification.

1.4 Deviations

All requirements contained in this general procurement specification
and in the applicable detail procurement specification are binding. The
part manufacturer shall under no circumstances use the NSL part type number,
defined in the applicable detail procurement specification, on a part that
deviates in any manner from the requirements herein or in the sapplicable de-
tail procurement specification. The requirements of this specification cannot
be waived or changed by procurement orders, letters, documents, or any other
means short of changes to this general procurement specification and/or the
applicable detail procurement specification, which have been approved by the
prime contractor and the NASA as defined in 1.5 of this specification.

1.5 Revision Verification

Revisions to this specification and/or the applicable detail procure-
ment specification shall not be considered to be valid unless they meet all
the following criteria: All changes shall be incorporated into the body of
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the specification, and the revised version of the specification shall be marked
with the revision letter added after the document number on each sheet. For
example, NSL-A401C would designate the third (C) revision of this specification
Each revision shall be defined in a "Revision Record" sheet identifving the
‘section and the change in detail. Each revision shall be approved on the Revi-
sion Record sheet, by signature and date, by the prime contractor's parts pro-
gram manager (or authorized representative) and the designated representative
of the NASA. The Revision Record sheet shall be included at the end of each
NSL specification, but preceding appendixes.

1.5 Change Notification

In the event of any change in material, design, construction, or pro-
cess control for this NSL transistor after a purchase order is placed and prio:
to completion of procurement, the part manufacturer is required to notify the
prime contractor, using the "Change Notification" form provided in appendix A
to this specification. Unless the prime contractor furnishes written disap-
proval of the change within 15 days after receipt of change notification, the
change will become valid. A disapproval shall constitute a cancellation of the
order, in which case recertification shall be required.

Unless the change has only a minor effect on form, fit, function, or
reliability, approval of the procurement specification by .ae NASA shall be
considered suspended until the changes are removed or are approved by the prime
contractor and the designated representative of the NASA, as evidenced by one
of the following actions:

a. In the event that the change is in conflict with specific require-
ments in this specification and/or the detail procurement specifications, then
the specification must be revised to incorporate the change as defined in 1.5
of this specification.

b. In the event that the change is not in conflict with a specific
requirement in this specification and/or the detail procurement specification,
then the applicable procurement specification must be re-released with a new
revision letter as defined in 1.5 of this specification. However, the only
physical change to the detail procurement specification shall consist of a
description of the change in the Revision Record, with approval by the prime
contractor and the designated NASA representative.
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c. APPLICABLE DOCUMENTS
2.1 Documents
The following documents form a pe. ¢ of this specification to the ex-

tent specified herein. Unless otherwise specified herein, the issue in effect
on the date of the part procurement contract shall apply.

STANDARDS
Military
MIL-STD-129 Marking for Shipment and Storage
MIL-STD-202 Test Methods for Electronic and Electri-
cal Component Parts
MIL-STD-453 Inspection, Radiographic
MIL-STD-T50 Test Methods for Semiconductor Devices
MIL-STD-1276 Leads, Weldable, for Electronic Component
Parts
SPECIFICATIONS
Military
MIL-S-19500 gemiconductor Devices, General Specifi-
cation for
NASA
NSL-Ak0l/ Detail Procurement Specification for

NASA Special Long-Life (NSL) Transistors

2.2 Conflicting Requirements

In the event of conflict between the requirements of this specifica-
tion and any of the documents specified herein or in the applicable detail pro-
curement specification, the order of precedence shall be as follows:

a. The applicable NASA Special Long-Life (NSL) detail procurement
specification.

b. This general procurement specification.

c. Specifications referenced herein or in the applicable detail pro-
curement specification. '
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3. FPRODUCT REQUIREMENTS

3.1 Electrical Characteristics

The electrical characteristics of the transistors shall be as speci-
fied in 3.1 of the applicable detail procurement specification.

3.2 External Physical Characteristics

The external physical characteristics of the transistors shall be as
specified in 3.2 of the applicable detail procurement specification. In addi-
tion, the following general requirements shall apply:

3.2.1 Lead Materials

Lead materials shall be suitable for both soldering &1 weld-
ing and shall conform to the MIL-STD-1276 type .p>cified in the applicable de-
tail procurement specification. After completion of all specified tests, the
leads shall show no evidence of corrosion or degradation that will affect elec-
trical or mechanical performance or reliability. The leads shall be permanent-
ly secured internally so that normel moveuwent of the leads will not cause
strain, wear, or damage to the transistor die or enclosure.

3.2.2 Case Materials

Materials used for the transistor cases shall be corrosion re-
sistant or shell be plated or treated to resist corrosion. After completion of
all specified tests, the finish shall show no evidence of corrosion or degrada-
tion that could affect electrical or mechanical performance or reliability.

3.2.3 Fungus Resistance

External parts of the transistors shall be constructed of mate-
rials that are inherently non-nutrient to fungus.

3.2.4 Marking Methods

Each transistor shall be marked with the informetion required
in 3.6 of this specification and 3.6 of the applicable detail procurement spe-
cification. All markings shall be permanent, legible, and complete at the end
of all specified tests, and shall be insoluble in common cleaning solutions.
Common cleaning solutions include, but are not limited to, trichloroethylene,
freon, and methyl ethyl ketone. The markings shall be either electroetched or
printed. Materials shall not be used which will interfere with the fine-leak
hermeticity tests specified in this or the detail procurement specification.

3.3 Internal Physical Characteristics

The internal physical characteristics of the transistors shall be as
specified herein and in 3.3 of the applicable detail procurement specification.
The following general requirements shall apply:
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3.3.1 Msaterials, Design, and Construction

When a definite material, design, or construction is not speci-
fied in the applicable detail procurement specification, the material, design,
and construction used shall enable the transistor to meet all specified re-
quirements. (See 1.6 herein.)

3.4 Environmental Co@patibilitz}/

The transistors, while operating or nonoperating as specified, shall
be capable of withstanding the following environmental requirements:

a. Vibration f. Life (operaticn and storage)
b. Thermal vacuum g. Sterilization cycles

c. Acceleration h. Acoustic ncise

4. Temperature i. Radiation resistance

e, Shock

3.5 Manufacturing Controls

3.5.1 Manuracturing and Inspectior Feciiities

Marufacturing and manufszturine controls for NSL transistors
shall be performed in fe~I2ities approved Ly the NASA prime contractor. The
production line uged hy the part manuracturer for fabricating the NOL transis-
tor will have been ceriified as eligible to supply transistors to this speci-
fication and the applicable detail procurement specification by the prime con-
tractor pric to initiation »f procurement. Failure by the part manufacturer
to confor: to "2 requircacii.s of this specification or the applicable detail
procurement . ,ncifircation shall be grounds for revocation of the line certifi-
cation (see 6.7..5 hereir).

3.5.2 In-Plant Surveillance

NASA-designated representatives may be assigned to the part
manufacturer's plant “o perform surveillance and monitoring functions in con-
nection with the transistors furnished under this specificetion. The NASA-.
designated representatives shall be afforded controlled acces: to areas
volved in the process and fabrication of the transistors. The applicab. \SA-
designated representatives shall be notified one week before any accepta.
testing is to be performed. The NASA-designated representative shall retain
the prerogative to monitor inspection and testing in connection with this spec-
ification. NASA, the prime contractor, and the procuring activity reserve the

l/ The actual environmental conditions will be determined by the system or pro-
gram reguirements,
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right to perform any of the inspections set forth in this specification or the
applicable detail procurement specification, where such inspections are conside-
ered necessary to assure that parts a:3 services conform to the prescribed re-
quirements.

3.5.3 Manufacturing Flow Charts

The part manufacturer shall prepare an individual manufacturing
flow chart for the NSL transistor controlled by the applicable detail procura-
ment specification. This chart shall identify the vroduction operaticns, iden-
117y in sequence the materials and processes used, and list the document number
and revision of the documentation covering these materials and processes. The
title, number, release date, and latest revision date of each associated docu-
ment shall be shown. TI .s chart shall specify each point or location at which
an inspection operatior ! performed and which function is responsible for the
inspection. The flow ¢ *t shall identify the individual documents that Aefine
the plan, sequence, and detailed acceptance criteria for performing all inspec-
tions and tests requires herein and in the applicable detail procurement speci-
fication. The flow chart shall include applicable engineering procedures, pro-
cess control documents, and process change notices.

3.5.4 Standardizacion of Design Practices and Processing Procedures

The part manufacturer shall maintain continuous standardization
and control of design practices and processing procedures and formalize his re-
sults for use by his design, drafting, fabrication, and inspection verscnnel.
The part manufacturer's product assurance organization shall be responsible for
reviewing these standards for adequacy in meeting product assurance require-
ment. of purchase orders and for monitoring and assuring chat they are being
followed. The part manufacturer shall review the specifications of all his
subcontractors for compatibility with the requiremenrts of this specification,
and all specifications shall be submitted for ins, -tion by NASA or its repre-~
sentatives upon request. Typical areas to be covered in this standardization
system include:

a. Process specificacions
b. Fabrication, assembly, and machining specifications
c. Drafting practice end drawing specificetions.

3.5.5 Process Control Charts

Tesign and process control shall be monitored by the part manu-
facturer through control charts on appropriate product and process variables,
tolerances, and other control iechnigues, as necessary.

3.5.6 Process Control Documentation

The part manufacturer shall completely document with specifica-
tions and procedures, the procurement of parts and materials, materials

NSL-ALO1
Sheet 6



inspection, the transistor manufacturing processes, and the inspections used to
control these processes. The documentation shall include internal procedures
for the control and revision of 211 documents. This documentation shall be
available for review by the NAS! esignated representative and the prime con-
tractor.

3.5.7T Design, Material, or Process Change Notification

A listing of all documentation defining the design, material,
process, procedure, and control, showing the latest revision letter in effect
at the time of manufacture of the procurement lot shall be provided to
the NASA prime contractcr. No change shall be made to these documents while
there is an order in process without the part manufacturer completing the
change notification form as shcwn in appendix A. (See 1.6 herein.)

3.5.8 Specification and Drawing Control

The part manufacturer shall adequately control the issue of new
or revised process specifications, inspection procedures, and procurement spe-
cifications, and shall provide for the recall of obsolete issues. The specifi-
cation control shall know the location of all operational issues of specifica-
tions. Specification revisions ( and new issues) shall require approval by the
appropriate _cvels of production, engineering, and product assurance managerent
Proprietary process or design specifications shall be handled in the same (or
equivalent) formal manner as other specifications, although they need not be
made available to the customer nor be given the same distribution as other spe-
cifications. However, they shall be identified on product flow charts by title
and number. Specification contrcl (or equivalent activity) shall have a record
of issue locations and revision history.

Internal process, inspection, and other specifications shall
show the customer revision status when customer drawings or specifications pro-
vided for contracts are referenced. When changes to customer specifications
are received, the iwpact on active products shall be evaluated by comparison
with ...e prior customer documents; they shall therefore be maintained in a con-
trolled, known location.

3.5.9 Proprietary Processes and Procedures

Documents describing proprietary processes need not be made
available to the procuring activity, but upon the specific request of this ac-
tivity, an official of the part manufacturer shall show the procuring activity
that the proprietary operations are completely defined and that the prcper con-
trols are specified.

3.5.10 Control of Procurement Sources

The part manufacturer shall exercise control over his sources
of supply and contractors to assure tne guality and reliability of purchased
parts and materials, and shall maintain records of product performance of each
sub-tier supplier. Chemical €.  -ses and physical tests necessary to verify
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that raw materials conform to design rejuirements shall be periodically con-
ducted on samples randomly selected from raw material received. Test results
shall be incorporated as part of the inspection records for the lot selected.

3.5.11 Part Manufacturer Receivirg Inspection

Receiving Inspection shall operate under prescribed procedures
and maintain a formal record system. A formal method of handling rejected ma-
terial shall be in evidence. There shall be a segregation of accepted material,
rejected material, and parts being held prior to final disposition by the ne-
ceiving Inspection function. The control procedures above shall be implemented
for such items as packages, semiconductor material and other types of sub-
strates, piece parts, solder preforms, wire, and pure chemicals.

3.5.12 Nonconforming Materials

The part manufacturer shall provide for the review, control,
and disposition of nonconforming materials. Each nonconformance shail be re-
viewed, a disposition made by personnel vested with this respoasibility, and
positive corrective action taken to prevent recurrence of similar discrepancies
Pertinent drawings and documentation shall be changed or initiated as necessary.

3.5.13 Mesasuriang and Test Equipment

The part manufacturer shall provide and maintain measuring and
testing devices necessary to assure that transistors conform to technical re-
quirements. These devices shall be calibrated against certified measurement
standards which have knowr valid relationships to national standards at estab-
lished periods to assure continued accuracy. The objective is to assure that
inspection and te.t equipment is adjusted, replaced, or repaired before it be-
comes inaccurate. The calibration of measuring and testing equipment shall be
in conformance with MIL-STD-750. The part manufacturer shall assure the use of
only those subcontractors and sources of supply which depend on calibration
systems that effectively control the accuracy of measuring and testing equip-
ment.

3.5.14 Identification and Inventory Control

From the time of material receipt, through processing and com-
pletion of the transistors, material, parts, and finished products shall be
hendled and stored in such a way that the identity and quality of such materi-
als will be preserved. L1l material shall be used on a first-in—first-out
basis. Materisls and parts shall be transferred and transported in containers
or equipment and by methods that will adequately protect quality and identity.

Identification shell be at least a part number, lot number
(and/or purchase order), quality status (evidence of acceptability), and opera-
tions completed. Rejected material or material awaiting nonconformance review
shall be prominently marked, physically isolated from material awaiting inspec-
tion or accepted, and locked or otherwise controlled so as to positively pre-
vent loss or substitution. Part numbers and lot numbers shall remain on
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products or containers until identity is lost in the next higher level of as-
sembly or batch or until the products are processed with other lots, so as to
create a new 1ot number.

3.5.15 Workmanship

The transistors shall be processed in a manner to ensure free-
dom of defects and shall be manufactured in facilities that will ensure the
proper cleanliness and uniformity. A workmanship program shall he in effect
continuously for all personnel involved in the manufacture of transistors, and
shall have readily available to operators, detailed written manufacturing pro-
cedures and appropriate visual aides for each cperation. The methods utilized
in handling, storing, and transporting the parts during processing shall mini-
mize contamination and mechanical damage.

Workmanship standards shall be prepared and implemented by the
part manufacturer on the basis of the requirements of this and the applicable
detail procurement specification.

3.5.16 Internal Contamination

Where material that can introduce solder balls, gold flakes,
weld splatter, or other similar contamination into the transistor is used in
the manufacturing process, then the part manufacturer shall prepare and imple-
ment detailed procedures for process control and inspection to preclude the
fabrication of transistors with such contamination. In this area, the process,
process control, and inspection shall be continually evaluated by the part
manufacturer, the prime contractor, or the designated representative of the
NASA. Disapproval of the part manufacturer's process, process control, or
inspection shall be cause for suspension of the part manufacturer's line certi-
fication until he has taken the proper ccrrective actions.

3.5.17T Inspection Equipment

Equipment used for inspection shall be recertified at inter-
vals formally established to provide for calibration, replacement, or repair
before the equipment becomes inaccurate.

3.6 Identification and Traceability

3.6.1 Maintenance of Traceability

Two-way traceability shall be maintained, that is, from tran-
sistor serial number to material acceptance records, and vice versa, from mate-
rial lot to range of transistor serial numbers.

3.6.2 Marking Information

Each transistor shall be marked, where space permits, in the
order of preference shown:
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2. NSL par* anuaber

b. berial umber

c. Date code

d. Manufacturer's ideatification.

3.6.3 Iate Code

The transistors shall be date-coded immediately after sealing
is completed. The date code shall be a8 three-digit number. The first digit
shall be the lc:t number of the year, and the second and third digits shall be
the numbers of tle week (example: 849 is year 1968, week 49) of sealing.

3.6.1 Serialization

The transistors shall be serialized immediately after internal
visual inspectic.i and capping is completed. The serial number shall be a
sequential five-digit number. For a given part number, the cerial number shall
be unique; that is, the part number together with the serial number shali _den-
tify one transistov. For each part number, the first serial number assigned
shall be 00001, =nd subsequent serial numbers shall be consecutive within a lot
and continue from lot to lot. The part manifacturer shall maintain records of
assigned serial numbers so that manufacturing dates and inspection dates can
be identified by the part number and a serial number. If a transistor or lot
of transistors is rejected, the serial number for that transistor or lot shall
not be assigned to another transistor or lot.

3.6.5 Procurement Lot

A procurement lot shall consist of all the parts procured under
one order to one NSL detail procurement specification. Every effort shall be
made by the part manufacturer to arrange that the parts in one procurement lot
are as identical as possible. To the greatest extent possible, all the parts
in a procurement lot shall be_ rfabricated:

a. without interference or interruption of any kind, in the
minimum time,

b. from the minimum number of diffusion batches,
c. from one lot of each material or part,
d. with unchanging processes, and

e. with a minimum turnover in personnel.
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3.7 Product Assurance

3.7.1 Product Assurance Organization

The organization responsible for product assurance shall have
access to management. If the product assurance organization is composed of a
reliability and a quality assurance function, these shall both have direct
access to management. Under no circumstances shall these organizations be
under the manufacturing organization. The responsibility and authority assigned
to each organization shall be defined and documented in a Product Assurance
Plan. Management cshall regularly review the status and adequacy of the product
assurance program.

3.7.2 Product Assurance Plan

The part manufacturer shall provide a Product Assurance Plan
in svpovert of the procurement of NSL transistors for approval by the prime con-
tractor. This plan shall document the product assurance activities with which
the part manufacturer intends to support the NSL transistor procurement. The
p:an shall be submitted to and approved by the prime contractor prior tc fabri-
cation. The plan shall identify tasks, and for each task: assignments of
responsibility, schedule, controlling procedures, end-items, and criteria for
completion. The information in the plan shall not be considered proprietary.
The plan shall contain: .

a. Part manufacturer's organizational chart.

b. Description of failure analysis capabilities and planning
for support of NSL procurements.

c. Description of product-assurance-oriented training, includ-
ing identification of specific scheduling.

d. Manufacturing flow chart.

e. Description of lot control plan for traceability of mate-
rials and processes throughout the manufacturing cycle to and including tran-
sistor identification by serial number.

f. Description of procedures and planning for certification of
inspectors, fabrication personnel, and test personnel.

g. Descfiption of procedures and planning for calibration and
maintenance of test and fabrication equipment.
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L. TEST REQUIREMENTS

4.1 Controls Required Over Testing

4.1.1 Tacilities

Acceptance testing and qualification testing required by 4.3
and 4.4 of this specification and 4.3 and 4.4 of the applicable detail procure-
ment specification shali be performed in facilities approved by the prime con-
tractor and by the designated representative of the NASA.

4.1.2 Measuring and Test Equipment

The part manufacturer shail provide and maintain measuring and
testing devices necessary tc assure that transistors conform to the acceptance
and qualification test criteria. These devices shall be maintained as required
in 3.7 of this specification.

L.1.3 Standard Ambient Test Conditions

Unless otherwise specified, all tests, measurements, and exami-
nations shall be performed under the standard temperature, pressure, and humi-
dity conditions specified in MIL-STD-T50.

4.1.4 Test Procedures

The part manufacturer shall prepare, and conform to, test pro-
cedures to implement the requirements of 4.3 and 4.L of this specification and
4.3 and 4.4 of the applicable detail procurement specification. These proce-
dures shall be approved by the prime contractor and by the designated represen-
tative of the NASA prior to testing. The procedures shall include, as a mini-
mum, a description of the test equipment, data recording equipment, test
sequence, descriptive diagrams, a step-by-step procedure of parameter and
environmental testing, acceptance and rejection criteria, part marking,
computer-card data format, data sheets, and inspection stamp reguirements. In
cases where complex automatic test equipment is utilized, the operating manual
shall be referenced and be available for review. Test methods covered by mili-
tary test specifications need only be referenced; however, where a choice of
alternative conditions or test levels is required to implement, these shall be
defined.

4.1.5 Procedure in Case of Test Equipment Failure or Operator Er-or

Any part failing as a result of a verified test equipment fail-
ure or operator error shall be removed or replaced depending upon schedule, by
another part from the same procurement lot. Replacement devices shall be sub-
Jjected to all required tests.

4.1.6 Test Reenrds

All test measurements and data shall be recorded. (See 5.1.3,
5.1.4, and 5.2 herein.)

NSL-ALO1
Sheet 12



4.2 Test Methods and Criteria

In tables I and II of this specification, the column labeled "Methods
and Criteria" identifies the sections which define the test methods required
for each line item, and the criteria for satisfactory completion of each line
item. Test methods and criteria for satisfactory completion, as called out by
tables I and II, are provided in the subsections below. These subsections
apply to the extent they are called out in table I or II.

4.,2.1 Internal Visual

Internal visual examination shall be performed in accordance
with appendix C of this specification immediately befcre the transistors are
sealed. (The transistors shall be suitably protected trom contamination until
sealed.) The examination shall be performed in a controiied clesn atmosphere
by qualified personnel in the part masnufacturer's product assurance or quality
assurance department. The transistors shall meet the requirements specified
in 3.3 and appendix C of this specification and in 3.3 of the applicable detail
procurement specification.

4.2.,2 Physical Dimensions

The physical dimensions of the transistors shall be checked ia
accordance with method 2066 of MIL-STD-750. The dimensions shall be measured
with equipment appropriate to verify their conformance to the dimensional fig-
ure or figures specified in 3.2 of the applicable detail procurement specifi-
cation.

4.2.3 External Visual

External visual examination shall be performed in accordance
with method 2071 of MIL-STD-750 and the requirements of 3.2 of this specifica-
tion and 3.2 of the applicable detail procurement specification. There shall
be no visible evidence of corrosion, contamination, or damage such as grossly
bent or broken leads, defective or damuged plating, or other conditions which
could interfere with the application or operation of the trensistor. All
marking shall be legible and complete.

4.,2.4 Electrical Characteristics

Electrical tests shall be performed on the transistors in ac-
cordance with the test conditions, methods and parameter limits specified in
table II of the applicable detail procurement specification. The transistors
shall meet the specified requirements.

4.2.5 High-Temperature Storage

The transistors shall be subjected to high-temperature storage
for 48 *2 hours at the maximum rated high storage temperature specified in
table I of the applicable detail procurement specification. There shall be
no mechenical damage after completion of the test.
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4.2.6 Thermal Shock

The transistors shall be subjected to thermal shock in accor-
dance with method 107 of MIL-STD-202. The temperature extremes shall be the
maximum rated low and high storage temperatures specified in table I of the
applicable detail procurement specification. The transistors shall remain
15 minutes *+30 seconds at each extreue, and the maximum transfer time chall be
5 minutes. There shall be no mechanical damage or evidence of harmful cor-
rosion after completion of the test.

4.,2.7 Reverse-Bias High-Temperature Life

When specified therein, all transistors shall be subjected to
the test conditions specified in table III of the applicable detail procure-
ment specification. The bias shall remain applied until the temperature is
reduced to specification ambient conditions. The leakage-current parameter
specified in the applicable detail procurement specification shall not exceed
the specified 1limit.

4.2.8 Constant Acceleration (for Acceptance Test)

The transistors shall be subjected to a constant acceleration
of 20,000 g th% for a period of one minute *5 seconds in the Y; orientation,
in accordance with method 2006 of MIL-STD-T750. There shall be no mechanical
damage after completion of the test.

4.2.9 Mechanical Shock (for Acceptance Test)

The transistors shall be rigidly mounted with suitable protec-
tion for the leads and shall then be subjected to 10 blows, each with a peak
acceleration of 1500 g and a duration of 0.5 (+.25, -0) millisecond, applied
perpendicular to the base of the die, in accordance with method 2016 of
MIL-STD-T750. There snall be no mechanical damage after completion of the test.

4.2,10 Hermeticity

The transistors shall be subjected to the fine leak and gross
leak tests below, in the following sequence:

4.2.10.1 Fine-Seal Leak

The transistors shall be subjected to a leakage test
in 2ccordance with method 112 of MIL-STD-202, test condition C, procedure IIla
or b, except that the gross-leak portion of the test shall conform to -
4.2.10.2 herein.

Conditions for Procedure I1Ia - The transistors
shall be placed in a sealed chamber, pressurized to 50 psig minimum with helium
gas, for a minimum of 4 hours. The transistors shall then be removed from the
chamber and within 30 minutes shall be subjected to a helium leak detection
test. Transistors shall be rejected that exhibit a leak rate greater than
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1 x 10'8 cubic centimeter of helium per second when measured at a differential
pressure of one atmosphere.

Conditions for Procedure IIIb - The transistors
shall be placed in a sealed chamber which shall be pressurized to 180 psig
minimum with Krypton 85 tracer in a nitrogen solution for a minimum of 30 min-
utes. Within L4 hours after evacuation of the chamber, the transistors shall be
tested with a counter capable of la2tecting leakage at the rate of 1 x 10-8 cubic
centimeter per second.

4,2.10.2 Gross-Seal Leak

Each transistor shall be tested for gross leaks by
immersing in noncorrosive ethylers glycol at approximately 150° C for a minimum
of 15 seconds and observing for bubbles. All devices that bubble shall be
rejected.

4,2.11 Burn-In and Parameter Drift Measurements

The transistors shall be operated in accordance with method
1026 of MIL-STD-750 for a period of 500 10 hours under the conditions speci-
fied in table III of the applicable detail procurement specification. Unless
otherwise specified therein, these conditions shall provide for the maximum
rated junction temperature. At the start, at 250 +10 hours, and at 500 %10
hours, the drift-measurement parameters specified in table III of
the applicable detail procurement specification shall be measured and shall not
exceed the limits and drift criteria specified therein.

4.2.12 X-Ray
Each transistor shall be photographed in three mutually per-
pendicular planes and examined as specified in appendix B of this specification.

The transistors shall meet the requirements specified in appendix B.

4,2.13 Electrical End Points

The electrical end-point parameters listed in table IV of the
applicable detail procurement specification shall be measured at the tempera-
ture specified therein. The parametric change (delta) shall be determined by
comparison with the initial end-point measurements. The transistors shall
meet the limits specified in table IV of the applicable detail procurement
specirication.

4.2.14 Vibration, Variable F: 3ut.:ucy

The transistors shall !< tested in accordance with method 2056
of MIL-STD-750, except that they shall be subjected to a constant rms accel-
eration of 100 g with a frequency range from 20 to 2000 Hz. The sweep rate
shall be 1/2 octave per minute and the displacement shall be limited to 0.6
inch double amplitude between 20 and 100 Hz. The transistors shall be sub-
jected to two sweeps up and down along each of three mutually perpendicular
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axes (X, Y, and Z). There shall be no mechanical damage after completion of
the test. :

4.2.15 Constant Acceleration (for Qualification Test)

The transistors shall be subjected 0 & constant acceleration
of 30,000 g +10% for a period of one minute +5 seconds in all six orientaticns
(X1, X2, Y1, Yo, Z7, &and Zp), in accordance with method 2006 of MIL-STD-750.
There shall be no mechanical damage after completion of the test.

4.2.16 Mechanical Shock (for Qualification Test)

The transistors shall be rigidly mounted with suitable protec=-
tion for the leads and shall then be subjected to 5 blows, each with a peak
acceleration of 1500 g and a duration of 0.5 (+.25, -0) millisecond, applied
in all six orientations (X3, Xpo, Y1, Yo, Z1, and Zp), in accordance with method
2016 of MIL- ID-750. There shall be no mechanical damage after completion of
the test. -

4,2,17 Meisture Resistance

The transistors shall be tested in accordance with method 1021
of MIL-STD-750. There shall be no damage after completion of the test. At
least 90 percent of the surfaces shall be unaffected by moisture and show no
evidence of harmful corrosion.

4,2,18 Thermal Resistance

The ©3.a thermal characteristics of the transistors shall be
tested in accordance with method 3132 of MIL-STD-750C. The transistors shall
be mounted in free air with no heat sink. The test conditions shall be as
specified in table IV of the applicable detail procurement specification. The
specified 1limit shall not be exceeded.

4,2.19 Solderability

The transistors shall be tested for solderability in accor-
dance with method 2026 of MIL-SiD-750. The following details shall apply:

a. Number of terminations of each part to be tested: All.

b. Depth of immersion in flux and solder: The leads shall
be immersed to within 1/8 inch of the weld, seal, or case, as applicable.

c. Examination with TX magnification: The transistors shall
be examined for wetting end coverage and shall meet the criteria specified.

4,2,20 Terminal Strength

The transistors shall be tested in accordance with method 2036
of MIL-STD-750, test condition E. The following details shall apply:
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a. Weight to be attached to lead: 4 *0.5 ounces.

b. DNumber of arcs: Three.

c. Examination with TX magnification: The transistors shall
be examined for glass fracture or broken lead and shall meet the criteria

specified.

4,2.2 Solvent Resistance

The transistors shall be testsd in accordance with method 215
of MIL-STD-202. After completion of the test there shall be no physical or
mechanical damage or obliteration of the marking.

4.2.22 OQpersticn Liie srd Parameter Drift Measurements

The tran-istors shall be operated in accordance with method
1026 of MIL-STD-T.o ¥oi' & perind of 2000 +2% hours. under the conditions speci-
fied in table IV c¢f *he “ypipl’~able detail procurement specification. Unless
otherwise specified therei- t(hese conditions shall provide for the maximum
rated junction temperature At the start, at 500 £10 hours, 1000 +10 hours,
1500 +2h hours, and at 2000 *24 Lurs, the drift-measurement
parameters specified in table IV of the applicable detail procurement specifi-
cation shall be measured ard shall not exceed the limits and drift criteria
specified therein.

4.,2.23 Construction Anélxgis

The construction analysis shall consist of the examinations
described in the following subsections (in the order listed). There shall be
no evidence of improper construction, processing, or use of materials.

4.2.23.1 X-Ray

The transistors shall be X-rayed in accordance with
4.2.12 herein and raall meet the criteria specified.

4,2.23.2 Physical Dimensions

The physical dimensions of the transistors shall be
measured in accordance with 4.2.2 herein and shall conform to the criteria
specified.

@,2,23.3 External Visual

The transistors shall be examined in accordance with
4.2.5 herein and shall meet the criteria specified.
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4,2.23.4 Transistor Autopsy

The package shall be opened by a tochnique that does
not damage or contaminate the internal structure or in any way impair the abil-
1ty to observe defects in the devices or the effects of preceding test exposures.

4,2.23.5 Internal Visual

The transistors shall be examined in accordeace with
4.2.1 herein and shall meet the criteria specified. Each transistor shall be
fully described, by means of diagrams and photogrephs, as to product merking,
coating, all dimensions of the packages, leads, sealing, bonde, and general con-
struction. Topographic map. of the semiconductor die shall be constructed
showing a correlation between the various elements on the topographic map and
the schematic elements. Either an exploded or a cross-sectional vievw shall be
drawn showing the part construction, materials, type of bonds, dimensions, and
sealing surfaces.

4.3 Acceptance Test

4.3.1 General Requirements for Part Acceptance Testing

Part acceptance tests are required to be:

a. Performed by the part manufacturer for eac:. :..curement
lot.

b. Conducted after successful completion of proa:«t require-
ments for the procurement lot in conformance with secticn 3 of thiz - ecifica-
tion and section 3 of the applicable detail prccurement specificatic...

c. Performed on all parts in the procurement lot which have
passed manufacturing inspection.

d. In conforience with the requirements cf 4.3 cf this speci-
fication and 4.3 of the applicable detail procurement specification.

4,3.2 Acceptance Test Requirementis

The acceptance test shall be conducted in conformance with
figure 1 and table I herein. Any part failing to meet all the criteria in
table I shall be rejected.
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TABLE I.- ACCEPTANCE TEST

Quantity Test Max. Percent | Methods and Criteria
Defectives Section in | Section in
Acceptable This Spec | Applicable
Detail
Procurement
Spec
100¢ | 1. Internal Visual - L.2.1 3.3
i 2. Physical Dimensions .- 4.2.2 3.2
1009 | 3. External Visual - 4.,2.3 3.2
100% 4, Electrical -- 4.2.4 Table II
Characteristics
100% | 5. High-Temperature ™ 4.2.5 Table I
Storage
100% | 6. Thermal Shock 4.2.6 Table I
1009 | 7. Reverse-Bias Life > 254 4.2.7 Table III
(when specified)
100% 8. Acceleration 4.2.8 S—
100% 9. Mechanical Shock 4.2.9 -
100% |10. Hermeticity Y, 4.2.10 --
1004 |11. Burn-In and Parameter 5% 4.2.11 Table III
Drift Measurements
1M 12. x-Ray 5% h.a-la -
100% [123. External Visual 5% 4.2.3 3.2
1004 |14. Electrical 5% L.2.4 Table II
Characteristics

rejection of the entire procurement lot.

4.3.3 Acceptance-Test Yield Requirements

If the "maximum percent defectives acceptable" limit
specified in table I is exceeded for one or mrore line items, or if the total
part rejects during steps 5 through 14 of the acceptance test exceeds 25
percent of the procurement lot, then this may be grounds for failure and

In either such event, the final

acceptance or rejection of the procurement lot shall be made by the prime
contractor with approval by the designated representative of the NASA.
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L.L Qualification Test

L.4.1 General Reguirements for Part Qualificatior Testing

Part qualification tests are required to be:

a. Performed by the part manufacturer for each procurement
lot.

b. Performed on 82 parts which have been selected in approxi-
mately equally spaced intervals throughout the production lot, and have pas:
the acceptance test in conformance with 4.3 of this specification and 4.3 o
the applicable detail procurement specification.

c¢. In conformance with the requirements of 4.4 of this spec-
ification and 4.4 of the applicable detail procurement specification.

L.4.2 Qualification Test Requirements

The qualification test shall be conducted in conformance with
figure 1 and table II. Any failure, during part qualification testing, to
meet all the criteria in table II may be grounds for failure of the qualifi-
cation test. In the event of any such failure, the final acceptance or re-
jection of the procurement lot shall be made by the prime contractor with
approval by the designated representative of the NASA. '

4.4.2.1 Control Group for Electrical Measurements

Five transistors (group A) shall serve as the control
group for all electrical measurements called for in the qualification test of
table II. Group A shall be electrically measured before any electrical
measurements are performed for any group B or group C tests. Each time a group
B or group C electrical test is performed, the five parts in group A shall be
subjected to the same electrical test, using the same equipment and procedures.
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TABLE II.- QUALIFICATION TEST

Test | Quantity Test Methods and Criteria
Group Section | Section in
in This | Applicable
Spec Detail
Procurement
Spec
A 5 Control Group for Electrical 4L.4.2.1 | Table II
Measurements
B 25 1. Electrical End Points (Initial) 4.2.13 | Table IV
2. Vibration 4.2.14 -
3. Electrical End Points 4.2.13 | Table IV
4. Acceleration L.z2.15 -
5. Electrical End Points 4,2.13 | Table IV
6. Mechanical Shock L4.2.16 --
7. Electrical End Points 4,2.13 | Table IV
8. Moisture Resistance 4.2.17 -
9. Electrical End Points 4.2.13 | Table IV
10. Thermal Resistance 4.2.18 | Table IV
11. Solderability 4.2.19 -
12. Terminal Strength 4.2.20 -
13. Solvent Resistance h.2.21 -
14. Hermeticity 4.2.10 -
15. Electrical End Points 4.2.13 | Table IV
c 50 1. Operation Life and Parameter Drift} 4.2.22 | Table IV
Measurements ‘
D 2 Construction Analysis h.,2.23 | 3.2, 3.3
NSL-ALO1
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5. DOCUMENTATION REQUIREMENTS

2.1 Documentation Required with Delivery

For all transistors procured under this specification, the do:uments
defined in the subsections below shall be delivered with the transistors to the
procuring activity. In addition, a copy of each shall be forwarded to the
prime contractor. All such documentation (including data records) shall be
contained on sheets 8-1/2 by 11 inches, or standard electronic accounting ma-
chine printout. Each of the documents required below shall be signed by the
part manufacturer's authorized representative and by his product assurance
manager (or quality manager).

5.1.1 Certificate of Compliance

After all the requirements of this specification and the appli-
cable detail procurement specification have been fulfilled and verified, the
part manufacturer shall so state in a "Certificate of Compliance."

5.1.2 Fabrication Record Report

A "Fabrication Record Report"” shall be prepared by the part
manufacturer, defining for the procurement lot:

a. A copy of all aonconformances and waiver/deviations.

b. A copy of all change notification forms submitted (see
1.6 herein).

c. A correlation (tabulation) of individual transistor serial
numbers and date codes. '

d. A copy of the manufacturing flow chart (see 3.5.3 herein).

5.1.3 Acceptance Test Report

An "Acceptance Test Repori" shall be prepared, containing for
the procurement lot:

a. All the test data required under 4.3 of this specification
and 4.3 of the applicable detail procurement specification.

b. A summary of the acceptance test results, including an
jtemization by serial number of all failures in each test group and a descrip-
tion of the failed parameters of each failed part.

5.1.4 Qualification Test Report

A "Qualification Test Report"” shall be prepared, containing for
the procurement lot:
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a. All tkc test Jata required under 4.4 of this specification
and 4.4 of the applicable detail procurement specification.

_ b. A summary of the qualification test results, including a
full description of any test failures and identification of failed parts by
serial number.

5.2 Record Retention Required

For all the transistors procured under this specification, the records
and documents defined below shall be retained by the part manufacturer, and
kept complete and available for & minimum of : years after completion of the
procurement lot. These records and documents shall be available to the prime
contractor and the NASA-designated representative. These requirements apply
to both accepted and rejected procurement lots. Where data is recorded, the
film, tape, or other media shall be identified with the requirements of this
specification or the applicable detail procurement specification. Inspection
and test records shall include the NSL part number, part serial numbers, pro-
curement lot number, date code, inspection or test number, and the inspectors’
and test operators' identity. The intent is that this data and information
should be traceable to the specific part to which they apply.

5.2.1 Copy of Delivery Documentation

A copy of the documentation required for delivery under 5.1
‘above shall also be retained.

5.2.2 Test Procedures

Procedures for acceptance testing and qualification testing,
as required in 4.1.4 herein, shall be retained.

5.2.3 Radiographs

One complete set of radiographs for the procurement lot shall
be retained. Each radiograph shall carry a serial number or code letters to
identify the radiograph with the specific part shown.

5.2.4 Manufacturing Controls

The manufacturing control records and documents required
under 3.5 herein shall be retained.

5.2.5 Traceability

Traceability shall be raintained in conformance to 3.6.1
herein.
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5.2.6 Serialization

The records of assigned serial numbers shall be maintained as
specified in 3.6.4 herein.

5.2.T7 Product Assurance

The product assurance documentation required under 3.7 herein
shall be retained.
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6. PARTS DISPOSITION

6.1 Disposition of Parts

6.1.1 Acceptable Parts

Parts which have passed the requirements and criteria for
acceptance test specified in 4.3 of this spe.ification and 4.3 of the appli-
cable detail procurement specification shall be impounded and placed in bonded
storage to await (a) the satisfactory completion of acceptance testing by the
entire procurement lot, and (b) the satisfactory completion of qualification
testing. Upon satisfactory completion of these two events, the parts shall be
vackaged and shipped as described in 6.2 and 6.3 herein.

6.1.2 Bonded Storage

The bonded storage area shall provide physical protection from
the environment at a room temperature of 25° +10° C and humidity of TO percent
or less. Transistors stored in the bonded area for more than 6 months shall
require satisfactory re-test of the electrical characteristics measurements
specified in 4.2.4 herein. Transistors impounded and stored in the controlled
storage area shall be removed only for shipment. Transistors shall be removed
only under the surveillance of the part menufacturer's product assurance or
quality assurance personnel. The transistors, on first entering bonded stor-
age, shall be contained in the individual containers defined in 6.2.1 herein,
and except for possible re-test, the transistors shall not be removed from
these containers until after delivery.

6.1.3 Disposition of Failed Parts

Transistors that fail during the acceptance or qualification
test shall be removed from the lot to be shipped, clearly marked, and retained
by the part manufacturer for a minimum of 5 years. Catastrophic failures in
the acceptance test, and all failures during the qualification test, shall be
subjected to failure analysis. Transistors that are rejected by the prime con-
tractor or any subcontractors for nonconformance and returned to the part manu-
facturer shall not be resubmitted without prior written approval of the prime
contractor and the designated representative of the NASA.

6.1.4 Qualification Samples

Upon satisfactory completion of the qualification test to the
requirements of 4.4 of this specification and k.4 of the applicable detail pro-
curement specification, the qualification sample transistors shall be clearly
merked, packaged separately, and delivered to the prime contractor. The indi-
vidual containers for this application shall be marked as required in 6.2.1
herein, and with the additional identification "QUALIFICATION SAMPLES - NOT FOR
FLIGHT USE," This additional information shall also be carried on the shipping
container required in 6.2.2 herein.
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6.1.4.1 Control Group Samples

Th. individual containers for the five transistors
serving as the control group (see 4.4.2.1 herein) shall be marked with the
additional identification "CONTROL GROUP". These parts shall be retained by
the part manufacturer for 5 years after completion of the qualification test.

6.1.5 Rejection of Procurement Lot

Any of the conditions listed below may be grounds for the fail-
ure and rejection of the entire procurement lot; in such an event, the final
acceptance or rejection of the procurement lot shall be made by the prime con-
tractor with approval by the designated representative of the NASA:

a. Change by the part manufacturer in material, design, con-
struction, or process control for the NSL trensistor after negotiation and
prior to completion of the procurement.

b. Failure to respond to the change notification regquirements
of 1.6 herein.

c. Failure to successfully complete product requirements for
the procurement lot, as defined in section 3 of this specification'and/or sec~
tion 3 of the applicable detail procurement specification.

d. Failure to meet the acceptance-test yield requirements of
4.3.3 herein.

e. PFailure of the qualification test as defined in L.L4.2
herein.

f. Nonconformance to the requirements of this specification
or the applicable detail procurement specification.

6.2 Packaging of Parts for Delivery

6.2.1 Individual Containers

The lowest level of packaging of the transistors shall have
the following characteristics:

a. The individual transistors shall be supported by the case,
with the terminels free and protected, in a manner to provide maximum protec-
tion from shock and vibration during transit and handling.

b. The parts shall be individually packaged in separate or
sepurable containers, or several to a container provided the parts are isolated
from each other within the overall container.
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c. The individual containers shall provide full protection
from dust, humidity, or geseous contamination. Placing each ir?ividual con-
tainer in sealed polyethylene bags is preferred.

d. The individual container shall have one or more transparent
surfaces to permit visual inspection of the contents and part marking.

e. The individusl containers shall be rigid so as to prevent
the movement of parts within the container.

f. Each individual container shall be marked with the follow-
ing information:

Part manufacturer's name

NSL part number (e.g., NSL-401/3)
Lot date code (see 3.6.3 herein)
Serial number (see 3.6.4 herein)
Purchase order number.

g. Marking on the individual container shall conform to the
legibility requirement of MIL-STD-129. Printing or stamping may be used, and
all information shall be legible on the outside of the container.

h. Parts which may be damaged by electromagnetic or electro-
static effects shall be completely enclosed in a nonmagnetic electrical con-
ducting material, such as lead or aluminum foil. In this event, the case
transparency requirements of (d) above do not apply.

6.2.2 Shipping Containers

The individual containers shall be packed in shipping con-
tainers of the type, size, and kind commonly used for the purpose. Shipping
containers shall comply with the Uniform Freight Classification Rules or
regulations of other carriers as applicable to the mode of transportation
employed. Individual containers shall be packed within the shipping container
in a manner to provide maximum protection from shock, vibratior, and weather
during transit; and in the order of ascending serial numbers cr groups of
serial numbers to facilitate and minimize handling subsequent to delivery.

6.2.3 Marking of Shipping Containers

Each shipping container shall be marked with the part manufac-
turer's name, NSL part number, lot date code, and purchase order number. Each
shipping containesr shall be marked on each surface with the following legend
in bold letters: "FRAGILE - NASA SPECIAL LONG-LIFE PARTS - TO BE OPENED EY
AUTHORIZED - PERSONNEL ONLY."

6.3 Delivery of Parts

For transistors procured under this specification, all the ctransistors
in the procuremert lot (defined in 3.6.5 of this specification) shall be
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delivered to one address; this address shall be as defined in thc procurement
order. The shipping contairers shall be delivered in the manner which, under
the given circumstances, will result in the minimum exposure to shock, vibra-
tion, weather, delay, extremes of any kind, or unexpected exigencies. The
receiving activity and the prime contractor (if different) shall be notified
of the means and time of delivery. If necessary, the part manufacturer shall
expedite any problems in transit.
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ABBREVIATIONS, SYMBOLS, AND DEFINITIONS

T.1 MIL-S-19500 Terms, Abbreviations, and Syrbhols
Except as indicated in T.2 below, the terms used herein and in the
detail procurement specifications are defined in eppendix A, and the abbrevi-
ations and symbols are derined in appendix B of MIL-S-19500.,

T.2 Definitions of Additionsl Abbreviations and Symbols

AblLreviations and cymbols not covered in MIL-S-19500 are defined
below. Otler abbreviations and symbols, when used, are defined in the appli-
cable de*tail procurement specification.

T.2.1 Bipolar Transistors

cte Emitter transition capacitance
hFE(inv) Inverted static forward-current transfer ratio (same
as hp,, except that the transistor is inverted)

P&n Input power

Pbut Output power
+f power out
dc power in

n (eta) Collector efficiency, defined as

QS Stored charge
rb'Cc Collector-to-base time constant
rec(on) On-state series resistence (the ratio of ac col-

lector voltage to ac collect.r current)

VCE(sus) Collector-to-emitter sustaining voltage, open base,
measured at a current where the breakdown voltage
is a minimum

VCER(sus) Collector-to-emitter sustaining voltage, resistance

return, measured at a current where the breakdown
voitage is a minimum '
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T.2.2 Transistor Maiched Sets

Forward current transfer ratio, condition A.
(Analogous symbols hFEB hFE , etc., represent

conditions B, C, etc.

Matching ratio of forward-current transfer

ratios (each side is measured in accordance with

MIL-STD-T750, method 3076). The lowest of the two
hep measurements is recorded as h., (not neces-

sarily hFE of side 1). 1

Absolute value of the difference in base-to-
emitter voltages (each side is measured in
accordance with MIL-STD-750, method 3026). V

is not necessarily'VBE of side 1. BEl
Change in base-to-emitter voltage differential
over the specified temperature range
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APPENDIX B

X-RAY INSPECTION

10. SCOFE

10.1 This appendix establishes the requirements, test conditions, and
methods for X-ray inspection of transistors for verification of physical
attributes.

20. TEST METHODS AND CRITERIA

20.1 Acceptance Criteria

Bacl  -~uasistor supplied shall be radiographically inspectea in
acccrdance with the test conditions and methods of this appendix and shall
meet the criteria specified.

20.2 Abnormality of Construction

Acceptable X-ray lots shall be of a homogeneous construction. Con-
struction shall be as specified in the applicable detail procurement specifi-
cation, and »arts deviating from the specified construction shall be rejected.

20.3 Examination

The transistor examination shall include, but not be limited to,
inspection for foreign particles, solder splash, proper bond of lead to semi-
conductor element and lead to terminal post, and proper semiconductor-element
mounting. The transistors shall also be inspected for high-reliability con-
struction and workmanship.

20.3.1 Elemant Support Posts

Element support posts shall not be bent more than 15 degrees
from the vertical and shell be uniform in length and construction.

20.3.2 Lead Wive

Tre lead wire shall not extend beyond the post by a distance
greater than twice the diameter of the wire. Lead wires shall not be pulled
tight unless specifically designed in this manner, such as transistors using
clips or rigid interconnection leads. However, there shall be no loops or
excessive bends in the lead wire. Any bends or curves in the lead wire shall
not extend beyond the top of the post more than twice the diameter of the lead
wire. (See figures B-1 through B-6.)
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20.3.3 Semiconductor Element Mounting

The semiconductor element shall be mounted and bonded so
that it is not tilted more than 10 degrees from the normal mounting surface.
Where the bonding agent accumulates around the perimeter of the semiconductor
element and touches the side of the sem:iconductor element, it shall not accumu-
late to a thickness greater than the thickness of the semiconductor element
(see figure B-T). Where the bonding agent is built up but is not touching the
semiconductor element, the buildup shall not be greater than twice the thick-
ness of the semiconductor element.

20.3.4 Extraneous Material

There shall be no visible axtraneous material 0.00l inch or
larger in the major dimension. Loose bonding waterial saall be considered ex-
traneous material. Excessive (but not loose) bonding material shall not be
considered extraneous unless it fails to meet the requirements of 20.3.3 (see
figure B-T), or unless the accumulation of bonding material is in the pedestal
form (see figure B-3).

20.3.5 Clearance

Acceptable transistors shall exhibit adequate internal
ciearances. The minimum distance between electrical connections on the post
(or the post proper) and the nearest point on the case or header, as well as
the minimum distance between the lead wire and the case or header, shall be
equal to the diameter of the element post proper (except for the short distance
between the lead and header in the vicinity of the bond of the lead to the
semiconductor element). In transistors that have the semiconductor-element
mount vertical, the minimum clearance shall be 0.002 inch between the semicon-
ductor-element mount and the header, and between the semiconductor-element
mount and the case (see figure B-8).

20.3.6 Extra Wires

There shall be no wires present other than those connecting
specific areas of the transistor semiconductor element to the external leads,
except where the design of the transistor calls for the use of such additional
wires.
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UNACCEFTABLE IF
WIRE EXTENDS BEYOND
POST DISTANCE GREATER
THAN TWICE THE

DIAMETER OF THE WIRE

UNACCEPTABLE - SHARP
BENDS

ACCEPTAB.E BENDS ON WIRE

FIGURE B-1. ACCEPTABLE AND UNACCEPTABLE BENDS ON INTERNAL LEADS.
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UNACCEPTABLE IF DISTANCE A
EXCEEDS TWO TIMES DIAMETER
OF WIRE CONNECTING POST TO
SEMICONDUCTOR ELEMENT
(APPROX 0.005 INCE)

ACCEPTARLE

UNACCEPTABLE - WIRES SAG TOO
MUCH AND TOZ CLOSE TO SEMI-
CONDUCTOR ELEMENT

FIGURE B-2. ACCEPTABLE AND UNACCEFTABLE BENT OF SAGGING INTERNAL LEADS.
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FIGURE B-3. ACCEPTABLE AND UNACCEPTABLE EXTRANEOUS MATERIAL BUILDUP.
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UNACCEFTABLE - KINKED WIRE

UNACCEPTABLE - IN-
TERNAL WIRE LONGER
THAN NECESSARY TO
REACH BETWEEN POST
AND SEMICONDUCTOR
ELEMENT
UNACCEPTABLE - LOOFPED
WIRE

LOOPED
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FIGURE B-4. OTHER TYPES OF ACCEPTABLE AND UNACCEPIABLE INTERNAL LEADS,
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UNACCEFTABLE -
MISALIGNMENT

FIGURE B-5. MISALIGNED INTERNAL LEADS,

UNACCEFTABLE - WIRE
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FIGURE B-6. INTERNAL LEADS TOO LONG,
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ACCETTABLE §

BUILDUP
BUILDUP VI

MORE THAN
1 X THICK-
NESS OF
SEMI -
CONDUCTOR
ELFMENT

SEMICONDUCTOR ELEMENT

ACCEFTABLE UP /
TO 2 X THICKNESS o~
OF SEMICONDUCTOR
ELEMENT

UNACCEPTABLE BECAUSE BUILDUP
CONTACTS SEMICONDUCTOR ELEMENT

FIGURE B~T. ACCEFTABLE AND UNACCEFTABLE BONDING MATERIAL BUILDUP.
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UNACCEPTABLE IF POST EXTENDS TO WITHIN ONE POST
DIAMETER OF TRANSISTOR CASE UNLESS SPECIFICALLY
DESIGNED WITH POST WITHIN ONE POST DIAMETER OF
CASE

FIGURE B-8. UNACCEFTABLE INTERNAL CLEARANCE,
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APPENDIX C

1NTERNAL VISUAL EXAMINATION

10. SCOPn

10.1 This appendix contains the methods and acceptance criteria for the
internal visual examination cf physical dimensions, materials, design, con-
struction, and workmanship of transistors The examination shall be performed
prior to sealing or encapsulation to dete . and eliminate transistors with
internal defects.

20. APPARATUS

20.1 The apparatus for this examination shall include optical equipment
capable oi the specified mag-®fications (see 0.1) and any visual standards
(zages, drawings, rhotographs, etc.) necessary o perform an effective exami-
naticn.

30. TEST MFTHODS AND CRITERTA

30.1 Examination

Prior to sealing or encapsulation, all transistors shall be exam-
ined with a binocular microscope under 8C-power minimum magnification for
semiconductor die defe~*s and under 20-power minimum magnification for header,
die attachment, bon2ing, an® lead-wire defects. Vertical illumination shall
be use¢ waen neces for detection of defects.

30.1.1 Rejecilon Criteria

Devices that exuibit any of the following defects shall be
unacceptable.

30.1.1.1 Semiconductor Die Defects

a. Reduction of metallization width: Voids or
scratches through the metallization, causing a reduction in the metzllization
width to less than one-half of its design width. (See figures C-i and C-2.)

b. Excess metailizetion: A reduction in the
siliccn dioxide width between metallized areas to less than one-half the design
width. (See figure C-3.)

c. Contact windows which are not completely
covered with metallization.

3. Lifting or peeling of metallization.
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e. Localized stains or other evidence of deteri-
oration of die surface or metallizaticn. (See figure C-k.)

\ f. Exposed silicon: Silicon, not covered by
oxide, which exposes a junction or touches metallizaticn (passivated devices
only).

g- Gross undercutting: Discoloration of the
oxide, indicating areas of gross undercutting caused by lifting of the photo
resist.

h. A channel stopper which is not continuous
through its normal pattern area. (See figure C-5.)

i. Solidly adhering foreign material which
bridges two metallized areas, extends to the edge of the chip, covers mere
than one-half the metallization width, or covers any part of a junction.

j. Particles of metal or silicon (including
potentially loose particles) which exceed 1 mil (0.001 inch) in a major dimen-
sion. (See figure C-6.)

k. Lint or other soft nonconducting particles
which exceed 1 mil in 2 m2jer dimension. )

1. Cracks and chips: Cracks, chips, or scribe
lines which touch or cross a junction or metallization. No chip shall extend
over more than 10 percent of the surface of the die. (See figure c-7.)

m. Pinholes in the active area of the diec.

30.1.1.2 Header Defects

a. Blistering or flaking of gold plating.

L. Bent header posts, inclined more than 10 de-
grees from perpendicular.

c. Bent or deformed header flanges.

d. Insulated header post which is off center by
more than 25 percent of radius length from center of hole. (See figure C-8.)

e. Pinholes (bubblez;. Air bubbics in the glass
region which exceed one-fourth the area of the glass region.
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30.1.1.3 Die Attachment Defects

a. Die which is not properly oriented and not
parallel with the plane of the header within 10 degrees.

b. Eutectic voids: Voids in the eutectic mate-
rial around the die periphery exceeding 20 percent of a side.

c. Excess solder, eutectic material, or gold
(finish) that may break awzy and become loose particles.

d. Extraneous gold (finish) on the die or header,
or gold splashes on glass seals. (See figures C-9 and C-10.)

30.1.1.%1 Bonding or Lead Wire Defacts

a. Bords which overlap to adjacent metai or
another ball bond, so that no silicon dioxide can be seen between the bond and
the adjacent metal when viewed vertically. (See figure C-11.)

b. A bond which has less than 50 percent place-
ment on the bonding pad. (See figure C-12.)

c. Missing or broken bonds: Kinked or broken
leads.

d. 4 ball bond off its pad by more than 50 per-
cent of its diameter or which extends over a junction (except mesa diodes).
(See figure C-13.)

e. Ball bond sizes greater than three wire dia-
meters or less than two times the wire diameter.

f. Pigtails which are longer than two wire dia-
meters. (See figure C-14.)

g. More than one bond attempt for each pad.

h. Nicks, crimps, twisting, or scoring, which
c1it or deform the lead wire or reduce the wire diameter by 10 percent or more.

i. Taut lead between ball bond and »jeost: Maximum
permissible lead slack is defined as a chordal distance cf three vire diameters
from the outside dismeter of a wire's point of greatest deviation to an imagi-
nary straight l.ne from bond to weld. (See f<-ure C-15.)
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FIGURE C-1. REDUCTION
IN METALLIZATION.

FIGURE C-3. REDUCTION IN
METALLIZATION SPACING.
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FIGURE C-2. REDUCTION
IN METALLIZATION.
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FIGURE C-9. WALD SPLATTERED FIGURE C-10. EXTRANEOUS METAL
ON DIE. ON DIE, GLASS, AND HEADER.
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NSL-ALO1/1
DETAIL PROCUREMENT SYECIWICATION FCR

NASA SPECTAL LONG-LIFE (NSL) TRANSISTOR, TYEE NSL-L01l/1

1. SCOFPE

1.1 Appli-ability

Th.is detail procurement specification is part of the system of Part
Control Packages for controlling NASA Special Long-Life (NSL) parts, described
in NASA CR-66742-1. This specification is detail section A of Part Control
Package NSL-hOl/l, and defines the detail parts procurement requirements for
transistors, type NSL-hOl/l. This specification and the general procurement
specification for NSIL transistors, NSL-ALOl, are mandatory whenever transistor
type NSL-401/1 is specified.

1.2 Part Identification

This detail procurement specification covers a silicon, NPN transistor
intended for use in low-level, low-noise amplifiers. Transistors procured
under this specification shall be identified by the type designation NSL-L01/1.
The JEDEC part type which has the most similar electrical and mechanical char-
acteristics is the 2N2L484; however, this information is provided herein for
reference purposes only., and the JEDEC part type should not be used ianstead of
the NSL-hOl/l for purposes other than for breadboards and early development
models.

1.3 Part Manufacturer Identification

Transistors procured'under this detail procurement specification shall
be manufactured by, and obtained directly and only from:

Name: National Semiconductor Corp.
Address: P. 0. Box hk3
Danbury, Connecticut 06813
Code Identification Number: 012G5
1.4 Deviations
The requirements of 1.4 of NSL-ALOl apply.

1.5 Revision Verificetion

The requirements of 1.5 of NSL-ALOl apply.
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1.6 Change Notification

The requirements of 1.6 of NSL-A40l apply.
'€ APPLICABLE DOCUMENTS

2.1 Documents
o3,
VY
The general procurement specification for NASA Special Long-Life
(NSL) transistors, NSL-ALOl, forms a part of this specification. (The docu-
ments listed in 2.1 of NSL-ALOl form a part of this document to the extent
specified herein and within the limitations of 2.2 of NSL-A401.)

2.2 Conflicting Requirements

The requirements of 2.2 of NSL-ALOl apply.
3. PRODUCT REQUIREMENTS

3.1 Electrical Characteristics

The electrical characteristics shall be in accordance with 3.1.1 and
3.1.2 below.

3.1.1 Maximum Ratings

The maximum ratings, at an ambient temperature of 25° 13° C
unless otherwise specified, shall be as shown in table I,

TABLE I.- MAXTMUM RATINGS

Storage temperature range -65° to +200° C
Operating temperature range -55° to +150° C
Junction temperature +200° C
Zollector-to-base voltage, emitter open 60 V
Collector-to-emitter voltage, base open 60 V
Emitter-to-base voltage, collector open 6.0V
Collector power dissipation 0.36 W
Derate above 25° C ambient (in free air)| 2.06 mW/® C

3.1.2 Electrical Requirements

The electrical requirements shall be as specified in table II.

3.2 External Physical Characteristics

The external physical characteristics of the transistors shall be as
shown in figures 1 and 2. The general requirements of 3.2 of NSL-ALOl also

apply.
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3.3 Internal Physical Characteristics

The internal physical characteristics of the transistors shall .c as
shown in figures ? and 3. The general requirements oI 3.3 of NSL-ALOl also
appiy-

3.4 Environmental Compatibility

The requirements of 3.4 oi 4SL-ALO1 apply. In addition, the tran-
sistors shall be capable of meeting the following environment«l requirement:

3.4.1 Radiation Resistance

The transistors shall be capable of withstanding a gamma
radiation dose of not less than rads (Si) without degradation of
performancs.

3.5 Manufacturing Controls

The requirements of 3.5 of NSL-ALOl apply

3.6 Identification and Traceability

The requirements of 3.6 of NSL-ALOl apply.

3.7 Product Assurance

The requirements of 3.7 of NSL-ALOl apply.

L. TEST ; 'IIREMENTS

4.1 Controls Reauired Over Testing.

The requirements of 4.1 of NSL-ALOl apply.

L.2 Test Methods and Criteria

The test methods and criteria specified in 4.2 of NSL-AL4O1 apply.
Tables I through IV and figures 1 through 3 herein apply &s specified in Gz
of NSL-ALOL.

4.3 Acceptance Test

The requirements of 4.3 of NSL-ALOL apply. Thre burn-in test condi-
tions, parasmeter drift measurements, acceptable limits,wznd drift criteria are
provided in table III herein.

4,4 Qualification Test

The requirements of 4.4 of NSL-A4Ol apply. The qualification test
conditions, electrical end-points, cperation-iife parameter drifi measurements,
and criteria are provided in table IV herein.

NSL-ALO./1
sheet 3



TABLE II.-

ELECTRICAL REQUIREMENTS

Test Test Conditions Limits at Tempersture Units
Method Tp = Tp = Tp =
MIL-STD-T50 -55° C| +25° Cc | +150° C
Subgroup 1
BV o 3011 Io =10 mA 1/ 60 min v
cond D IB =0
Bvcm 3001 IC = 10 pA 60 min \'
: cond D IE =0
WEBO 3026 I; =10 uA 6.0 min \'f
cond D Ic =0
ICK) 3036 VCB =45V 10 max nA
cond D IE =0
IC]ES 3041 VCE =5V 5 max 10 max | nA
cond C VBE =
ICEO 3041 VCE =5V 2 max nA
cond D IB =0
IEBO 3061 VEB =6V 2 max nA
cond D I, =0
C
Subgroup 2
hFEl 3076 VCE =5V 30 min --
IC =1 pA
hFEE 3076 Vep =5V 200 min 35 min --
IC = 10 uA 500 max
hep 3076 Vg =5V 225 min -
3 I, =100 uA
hem 3076 VCE =5V 250 min --
4 Ic = 500 pA
1/ Pulsed: Pulse width s 300 psec, duty cycle s 2%.
NSL-ALO1/1
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TABLE II.- ELECTRICAL REQUIREMENTS - Continued
Test Test Conditions Limits at Temperature | Units
Method TA = TA = A=
MIL-STD-T50 -55° Cc| +25° C +150° C
Subgrour 2
(Eantinued)
hFES 3076 VCE =5V 250 min --
IC =1 mA
hep 3076 VCE =57V 800 min --
(3
I, =10 mA 1/
vCE(sat) 3071 Ic = 1.0 mA 0.3 max \'f
IB = 0.1 mA
VBE 3066 vCE =5V 0.5 min v
cond B IC = 100 pA 0.7 max
Subgroup 3
hoe 3216 =5V O min
IC = 1.0 mA 4O max umho
hre 3211 VCE =5YV O min by
I, =1.0mA 8.0 x 10
max
h, 3201 Veg =5V 3.5 K min --
IC =1 mA 24 K max ohm
ho 3206 VCE =5V 250 min --
IC = +1 mA 900 mex
f = 1 kHz
Subgroup 4
|n,| 3306 Veg =57 120 min --
Ic = 500 pA TO max
f = 30 MHz
Cobo 3236 VCB =5V 5.0 max pf
IE =0
100 kHz=fs] MHz
NSL-A401/2
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TABLE II.

- ELECTRICAL REQUIREMENTS - Continued

e ————

Test Test Conditions ~ Limits at Temperature Units
Method TA = Tp = Ta =
MIL-STD-T50 -55° Cc| +25° C +150° C
Subg.oup &
<Continued)
Cibo 32Lo vEB =095V 6.0 max pf
Ic =0
100 kHzsfsl MHz
NFl 32L6 f =100 Hz T.5 max db
VCE =5V
Ic = 10 pA
Rg = 10 kilohms
NF2 32h6 f =1 kHz 3 max db
VCE =5.0V
IC = 10 pA
Rg = 10 kilohms
NF3 32L6 f = 10 kHz 2 max db
vCE =5V
Ic = 10 pA
Rg = 10 kilohms
RFI} 3PL6 VCE =45V 3 max db
IC = 10 pA
Rg = 10 kilohms
Power bandwidth
of 15.7 kHz with
3 db points at
10 Hz and 10 kHz
NSL-ALQ1/1
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TABLE III.-

BURN-IN TEST CONDITIONS,

PARAMETER DRIFT NMEASUREMENTS, AND CRITERIA

Test and Conditions Test Acceptable Drift Criteria
Metnod 1/ Limits
Reverse-bias high
temperature life
(Not applicable)
Burn-in: 1026
T, =25 3°C
= \'4
VCB 30
% = 0.36 W
Parameter drift
measurements:
Iopo Table IT Table IT 100% or 5 nf,
herein herein whichever is greater
Ieno ! ! 100% or 1 nA,
whichever is greater
ey, £25%
+
VeE(sat) 50 m¥
Vv +0.1V
e ! v
NF, Table II Table 11 +25%
2 R
herein herein

1/ Applicable method

of MIL-STD-750 (unless otherwise specified).
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TABLE IV.- QUALIFICATION TEST CONDITIONS, ELECTRICAL END-POINTS,
OPERATION-LIFE PARAMETER DRIFT MEASUREMENTS, AND CRITERIA

Test and Conditions Test Acceptable Drift Criteria
Method 1/ Limits
Thermal resistance: 3132 486°C/W max
Vé =30V
IC =1 mA
T, = +125° £3° C
- ° o
Tl = +25 +3° C
Operation life: 1026
- ° °
TA = +25 t3 c
t = 2000 2k hours
VCB =30V
RT = 0.36 W
Electrical end-points
and operation-life
parameter drift measure-
ments (at 25° +3° C):
I Table II Table II Table III
CBO . . R
herein herein herein
| ] )
vCE(sat)
Vv
BE ' o |
NFé Table II - Table II Table III
herein herein herein

1/ Applicable method of MIL-STD-TSO (unless otherwise specified).
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CHIP (SEE FIGURE 3)
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5. DOCUMENTATION REQUIREMENTS

5.1 Documentation Required with Delivery

The requirements of 5.1 of NSL-ALOl apply.

5.2 Record Retention

The requirements of 5.2 of NSL-ALOl apply.
6. PARTS DISPOSITION

6.1 Disposition of Parts

The requiremencs of 6.1 of NSL-ALOl apply.

6.2 Packaging of Parts for Delivery

The requirements of 6.2 of NSL-ALOL apply.

6.3 Delivery of Parts

The requirements of 6.3 of NSL-ALOl apply.
T. ABBREVIATIONS, SYMBOLS, AND DEFINITIONS

The abbreviations, symbols, and definitions provided in NSL-A4O1l apply.

N .. Ako1/1
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NSL-BLO1
GENERAL DESIGN APPLICATION SPECIFICATION FOR

NASA SPECIAL LONG-LIFE (NSL) TRANSISTORS

1. SCOPE

1.1 Applicability

This specification is part of the system of Part Control Packages for
controlling NASA Special Long-Life (NSL) parts, described in NASA CR-667hk2-1.
This specification is general section B of Part Control Package NSLphOI, and
defines the general design application requirem=2nts for all ICL transistors.

This specification and the applicable detail procurement specification, NSL-BLQL/
, are mandatory whenever NSL transistors are specified.

2. APPLICABLE DOCUMENTS
2.1 Documents
The following documents form a part of this specification to the extent
specified herein. Unless otherwise specified herein, the icssue in effect on the
date of the part procurement contract shall apply.
SPECIFICATIONS
NASA

NSL-BkO1/ ___ Detail Design Application Specification for
NASA Special Long-Life (NSL) Transistor

2.2 Conflicting Re&ir ements

In the event of conflict between the requirements of this specification
and any of the documents specified herein or in the applicable detail design
application specification, the order of precedence shall be as follows:

a. The applicable NASA Special Long-Life (NSL) detail design applica-
tion specification. X

b. This general design application specification.

c. Specifications referenced herein or in the applicable detail design
application specification.

NSL-BLOL
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3. DESIGN APPLTCATION REQUIREMENTS

3.1 Design Limitations

3.1.1 Temperature

The most universal limitation to semiconductor performance is
Junction or die temperature. Normally, the temperature limit of a transistor is
imposed by the die materiel. In many parts, other materials (such as metalliza-
tion and passivation) and in encapsulated devices, however, the package material
establishes the upper temperature limit of the device.

Above 200°z C, changes in the diffused properties of silicon occur
much more rapidly, and parts whose characteristics are extremely sensitive to
changes in the impurity distribution may be derated from 200° to 175°C. Other
parts may be rated at only 175°C because of the metallization system. Some sys-
tems (particularly gold on aluminum, or gold on silicon) are prone to deteriora-
tion over extended time at nigh temperatures. Ilarge power transistors may have
widely different temperatures across the die due to voids in the die-header
bond, and for this reason may be rated at only 150°C. Many of these transistors
also use varnishes over the die to aid in the control of leakage currents; var-
nishes may impose a limit of 150°C.

In addition to the establishment of an upper limit, operating
temperature is a major factor in semiconductor reliability. Heat degrades bulk
characteristics and has a degenerative run-away effect cn junction characteris-
tics. Localized hot spots resulting from impurity in materials and resultant
localized high current densities frequently cause anomalies in performance.
Material and process control during manufacture of a part can alleviate these
problems but caniot remove the need for rigorous temperature control in final
application.

3.1.2 Power Dissipation

The power dissipation capability of 2 transistor is dependent on
the maximum allowable junction temperature, the the:mal resistance from the
Jjunction to the exterior, and the external temperatiure. These, in turn, are
dependent on several other factors, of which those relating to junction tempera-
ture have already been mentioned above. Thermal resistance depends on die size
and thickness, die mounting material, die location, whether or not the collector
is isolated, case material and size, and the cnaracteristics of the heat sink,
if any. Usually, values for thermal resistance (bo'h from jmction to case, and
junction to air) will be found in the applicable de.ail design application
specification.

3.1.3 Breakdown Voltage (Avalanche)

Avalanche breskdown voltage (as distinguished from secondary
breakdown) is a function of the impurity doping level achieved in manufacturing
the transistor die. Generally, high breakdown vcltages are obtained by low dop-
ing levels, which also provide high bulk resistivity. For this reason, transis-
tors with high collector-base breakdown voltiges usually have relatively high
saturation volt._ges.
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The wide distribution of breakdown voltages obtained during man-
ufacturing usually causes a manufacturer to offer several values of breakdown
voltage in a family of similar parts. The part types described in the detail
design application specification have been selected to provide the most useful
‘breakdown voltage consistent with cost.

3.1.4 Secondary Breakdown and Safe Operating Area

Avalanche breakdown is produced at a transistor junction by
raising tl.: voltage across the junction until the current begins to flow. The
knee of the curve is usually quite sharp, and the test is not destructive (as
long as power is limited). When the voltage is reduced slightly, the current
decreases nearly to zero (in better transistors), and the test may be performed
again and again with no damage to the transistor.

Whether or not a junction (either diode or transistor) is in an
avalanche breakdown condition depends only on the voltage across the junction.
In contrast to avalanche breakdown, secondary breakdown occurs between the col-
lector and emitter in transistors, and its occurrence depends on the collector-
emitter voltage, collector current, duration of collector voltage and current
application, and bias condition of the base-emitter junction. It is a destruc-
tive condition, usually resulting in a collector-emitter short. Rather than
being a voltage-induced phenomenon, it is an energy-induced condition and occurs
because extremely high temperatures are generated in small localized areas of
the die. It is not a simple power-induced failure because it depends on uneven
heating of the die and occurs in a span of time much too short to allow heating
of the entire die.

The secondary breakdown capabilities of a transistor depend not
only on the diffused properties of the die, but also on the emitter efficiency
(which is related to the amount of emitter periphery), and the thermal time con-
stant and thermal capacity of the die.

3.1.5 Current
The current carrying capability of transistors depends primarily
on emitter area and die size, but may be limited by the internmal lead wires o
the die. At higher voltages it is also subject to both power limitations ana
secondary breakdown limitations.

3.2 Derating Procedures

There are two types of derating applied to transistors in circuit and
system design:

a. Power derating, which must be performed in order to avoid damage to
the parts, and

b. Reliability derating, which should be performed in high reliability
systems and non-maintainable systems or circuits.
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3.2.1 Power Derating

Each transistor is rated in the detail design application speci-
fication for a maximum junction temperature. To avoid exceeding this tempeira-
ture, the information given in the derating section of the detail design appli-
cation specification should be used. The power to be dissipated in the device
and either the cese or ambient temperature must be known.

When a heat sink is used, the case temperature can usually be
determined reliably by measurement. When a heat sink is not used, the ambient
temperature should be determined, and the arpropriate derating curve should be
used.

3.2.1.1 Conventional Maximum Use Levels

The conventional derating approach assumes that the
thermal resistance, 8, from junction to the case/heat sink or to the ambient
temperature, is a constent at all temperatures. This assumption produces a
straight line for the Maximum Use Level Rating at which Ty = Tyax (see figure
1). This line runs between T5 (the temperature at which 100 percent of rating
is allowable, usually 25°C) and Typx (at which the external temperature is equal
to the maximum allowed for the junction and, therefore, zero added junction
power dissipation is allowable). The portion of the solid line to the left of

P, Tob-Ts _ Ts
Paax  Pumax-Ts T
S + Sy = Sp STRESS

OPERATING REFRIGERATED

~

-
.

| e —r—
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Tg, also expresses the simplified assumption that 100 percent of rating cannot
be exceeded. In reality, external refrigeration will allow operation at some-
what greater than 100 percent electrical rating without the Ty exceeding TMAX,
as implied by the extension of the dashed line (100 percent + y).

3.2.1.2 Actual Maximum Use Levels

Since the actual thtermal resistance of the bulk semi-
conductor material is not precisely constant, the straight line assumption can
lead to appreciable (though usually conservetive) loading error. The actual
line is shaped more like the curved dashed line in figure 1. On some devices,
the part manufact.cers recognize this by specifying more than the two points of
100 percent and zero percent rating. Figure 2 shows a rating chart which is
typical of any power transistor. The actual use level point for 150° € (Ip) is
120 amps. The straight line would have given a point (Ip') of 80 amps, which
would have wasted over 30 percent of the device capability, or caused a consid-
erable reliability prediction error. The steeper the slope of the Use Level
line, the greater the rating difference (caused by the nonlinearitr of thermal
conductivity).

3.2.2 Derating for Reliability

In addition to derating applied to maintain junction tempera-
tures below the maximum, derating shall be applied to achieve an acceptable
level of failure rate. There is a considerable difference in what constitutes
an acceptable failure rate level between a redundant circuit which is required
to operate only one hour in 24 and a nonredundant circuit which must operate
continuously for one year.

(™
§ \
g-lto “L'
\

g o ‘2%
3 i\
g \
! 40 \
H

° 80 100 7; 150 Teax 200

\(4
Te CASE TEMPERATURE, °C

FIGURE 2. TYPICAL MULTIPOINT-RATING CURVE FOR SEMICONDUCTOR (SILICON) DEVICES.
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Reliability (or failure rate) is a function of the stress level
under which the part operates. The stress level has components of power/temper-
ature stress, voltage stress, current stress, and mechanical stress. Operating
temperature is the major factor.

3.2.2.1 Voltage Effects

In addition to the conventional electiical stress
parameters of current or power, many semiconductor devices are reliability-
sensitive to wvoltage stress. The degree of such sensitivity is expressed in
prediction computation by the adjustment factor for secondary stress, mgg.

3.2.2.2 Failure Mode Considerations

- The nominal failure rates used herein for each part
type express all typical failure modes which occur at a failure rate constant
with time. It is assumed that design and control measures have been taken to
eliminate conditions of poor quality and infant mortality.

3+42.2.3 Temperature and Power Ratings Terminology

This subsection clarifies the derivation and distinc-
tions between a device's Electrical Stress Ratio (Sg), its Thermal Stress Ratio
(S7), and the Percent of Rating (Sp) which is used in "derating" to increase
reliability.

Application of derating criteria requires a definition
of uniform symbols for the terms used in power rating of transistors.

TMAX is considered as the maximum permissible junction
temperature (Ty). This temperature is often taken as 175°C for silicon devices.
Since the junction temperature is difficult to measure directly, however, two
other external "reference" temperatures are used:

a. Tg, the case temperature is easiest to determine,
and is frequently used as the reference temperature.

b. Ta, the ambient temperature, may also be stipulated
as the reference temperature.

Whether curves are referenced to Tp or Ty, there is no difference in their reli-
ability or derating calculations, provided the device is mounted accordingly and
the temperature information is properly used.

This means that power ratings referred to Tg cannot be
used unless the device is mounted on a heat sink. In this instance the tempera-
ture of the heat sink is assumed as Ty, providing good thermal contact is main-
tained between the device and heat sink.

Tp ..3sumes still eir, unless otherwise stated. When
the part manufecturer's power ratings used are based on Tp, then the results are
conservative if the device is used with 2 heat sink (or with moving air) at the
specified temperature.
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The notations used herein, therefore, are:

TJ Junction temperature

Ty Maximum junction temperature allowable (from
a deta. . part procurement specification)

TC Case temperature

:A Ambient temperature

Top External operating temperature (case or ambi-
ent), whichever is specified for the specific
part or instance.

Tg Standard temperature (which is the external
reference temperatur7 at which Pyax is speci-
fied (usually 250C)1

PMAX Maximum rated power at Tg, as specified in
the detail part procurement specification.

Pop Actual onerating power, in a specific
instance

Sg Electrical stress ratio (operating/maximum
rated), without consideration of other envi-
ronments; can be watts, amps, etc.; assumes

- = 050
TOP = TS 25%C.
S Thermal stress ratio (T,., actual/T, ., MAX),
T (7) (7)
assuming SE = 0 percent.

SD Stress ratio for derating purpoées; percent
of rating; the sum of electrical and thermal
stress rating percents.

S Stress ratio for secondary electricel stress;//

ss A
for transistors, voltage is used, and
Operating V
S = CE
SS Rated VCE

3.2.2.4 Stress Ratios (Electrical and Thermal)

Semiconductor base failure rates, Ay, are commonly
related to the junction temperature. This Jjunction temperature consists of the
heat rise within the device (caused by power dissipated in the junction) phus

l/Unless otherwise noted, all values given herein are referred to Tg = 25°C. A
Ty # +25°C requires computation of "adJjusted" stress ratios.
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the case temperature. In turn, the case temperature is related to the ambient
ailr or to the attached heat sink temperature.

_ Usually each device is given two rating points; one for
.meximum permissible Junction temperature, and the other for the maximum case or
ambient temperature at which 100 percent of the rated load can be dissipated
without causing the sum of ambient (or case) plus internal temperature rise to
exceed the specified maximum junction temperature. As the ambient (or case)
temperature rises above the Tg value, the internal temperature rise and power
load must be decreased if the combined temperature is not to exceed the maximum
Junction temperature. These points are illustrated in figure 1.

For semiconductor devices, the Electrical Stress Ratio
(Sg) is used in calculating the rise of the junctlon temperature above the
external reference temperature, Ty or Tp. It is expressed as:

Pop

S —_— e

E P

where
POP = Operating power level

PMAX = Rated maximum power at standard temperature, Ts = 25°C, unless other-
wise specified

There is a corresponding Thermal Stress Ratio:

Twp - T
S = OP S

T Tax - Ts

However, the reliability computation curves for Ay in
subsequent sections have been simplified to use only the electrical stress ratio
(Sg) and the Ty or T, external temperatures, so that thermal stress ratio (Sp)
is of interest only as a part of the derating procedures. Junction temperature
(Tu) is not used in computations, except when it corresponds to a specific max-

imum junction temperature (TMAX) .

3.2.2.5 Electrical Stress (More Than One Device Per Case)

- The Sg = POP/BMAX expression applies to the ususl con-
dition of a single device per case. For the more complex arrangements, addi-
tional symbols must be defined (the word "side" as used below also means
individual device or section of the total assembly in the case):

Sg ‘Electrical stress ratio of the side being evaluated

Pl Power dissipation in an individual side being evaluated

Pye..P = Power dissipated in the other (second, etc.) side(s) of the device
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Pé = Maximum dissipation rating of one side of the assembly, with the
other side(s) not operating; "one side rating "
N = Number of devices in the case
PT = Total maximum rating of both sides (or all devices) operating;

"both side rating"

Specifications for multiple devices in one case usually
give a maximum rating for each device, and a total dissipation ratiug which is
significantly less than the sum of individual ratings. For example, the dual

transistor 2N2060 has a Pé of 0.5 watt and a Ph of 0.6 watt at 25°C ambient.

The following expressions now apply:

a. Dual devices in a single case (equally rated,
unequally loaded):

P 2P, - P
Stress Ratlo, Sg =.§l.+ P, PS x PT
S T S

b. Dual devices in a single case (equally rated,
equally loaded):

c. Three or more devices in a single case (all equally
rated, unequally loaded):

! WP - Fp
Stress Ratio, Sp =g+ (P2 + P ae PN) e
S T S
d. Three or more devices (equally rated and equally
loaded):
NPl
g =t
E PT

3.2.2.6 Derating Versus Percent of Rating

Confusion is often caused by using the term "derating,"
in a numerical sense, when actually it refers to a general practice of operating
below some maximum level. If a part is operated at 40 percent of rating, it
should not be stated as "derated 60 percent", but as "operated at a percent of
rating of 4O percent". "Percent derating"” is not a valid numerical term.

Since the msjor environment degrading reliasbility is
heat, it is normal to "derate" by decreasing the junction temperature. Assumi |,
that temperature of the heat sink, etc., is fixed, derating is done and evalu-
ated through a reduction of power.
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3.3 Reliabili ,

3.3.1 Reliability Assurance Tests

The control of high reliability part procurement specifications are
prov:ied by the Part Control Packages. The procurem.nt specification includes
quality assurance provisions and pre-usage conditioning rz2quirements to assure
compliance with the system duration end environmental requirements. These in-

clude extreme temperature cycling, acceleration, mechanical shock, and herme-
ticity testing for space service.

3.3.2 Reliability Assurance

The Part Control Packages require extended bura-in of jparts (for
500 hours) and degradat? n analysis in selected instances. As a cost improve-
ment, all destructive ¢ - ' B lot testing, which is extremely expensive when
small numbers of parts : purchased, has been eliminated in i1'avor of more
extensive 100% stress screening and 100% inspection (such as internal visuel
and radiographic inspec: .ons).

3.3.3 Reliability Prediction Rationale and Derivation

This subsectior. outlines the general mathematical reasoning on which
the reliability factors are based. It is quite possible, however, to estimate
the reliability of a transistor from the charts and tables in 3.4 herein with-
out a study of this subsection.

It is assumed that the device failure rate (Ag) is composed of addi-
tive (A) factors which have a mutual interaction with several product () fac-
tors, and also of one or more other additive (N) factors. 1In the case of
transistors, this expression is:

)\S=)\b(1r1r1r'rr ™) 2

E"A"R"ss "c E

These factors are detailed in the explanation of their usage in 3.4 herein. The
derivation of this expression is a special case of the genernl model (see table
I for values of constants):

(T + 273 + gy S G fr 4+ 273 + 0,5 \ P
N. = Ae —5 ‘ T .
b T e 0

Where A= Failure rate scaling factor.
NT’ TO’ G, an¢ P = Curve-shaping factors for a given part type;

‘= Thermsl resistance, in ° or % per aultiples of unit rating, from
reference (ambientAor heat sink as applicable) to device Junction.

%)

T = Anbient operating temperature in °c.
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S = Electrical stress ratio =

operating power level

rated max power at standard temperature

For a more exact determinaticn: of the electrical stress ratio, see

3.2 herein.

TABLE I. - CONSTANTS IN MATHEMATICAL MODEL

Constants Silicon,NPN Silicon,PNP FET and Unijunction
Transistors Transistors MOSFET Transistors

A 0.027 0.085 0.975 7.81

T0 LL48 448 448 L48

NT -1052 -1324 -1162 -1779

G -1.C -1.0 -1.0 -1.0

A 150°C/W 150°¢/wW 150°C/W 150°c/w
rating rating rating rating

P 10.5 14.2 13.8 13.8

3.4 Failure Rate Computation

This secticn describes the computation of the failure rate of a tran-
sistor in a particular application and contains the necessary charts and graphs
for such a computation. - The computation is based on the model below.

3.4.1 General Mathematical Model

The failure rate for semiconductor devices (after screening of
gross quality defects) is generally assumed to be constant with time for many
thousands of hours. 1ais failure rate can be modeled as follows:

= ' )
Xs )“b (“E Wy Wp Wog Wo! * ZE (percent/1000 hours)

where:
Xs = Faiiure rate of a semiconductor device
kb = Basic failure rate (a function of electrical stress and operating
temperature)
ﬂE'= Use environment adjustment factor
'ZE = Use environmeat additive failure rate term
Ty = Application factor (linear, switching, detector)
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=)
"

g = Factor for expressing the rated power (watts)

o
|

g5 = Secondary electrical (voltage) stress ratio

=
i

c Complexity factor

Note that some of the parameters in the above model do not
apply, or have a value of 1, for some part types. These details are explained
in the following sections on specific part types.

3.4.2 Transistor Family Types

The transistors covered by prediction techniques in this section
have been divided into basic families with generally similar reliability charac-
teristics as shown in table IT, below. Further breakdown relating to construc-
tion, usage, etc., is provided for in the w and X factors detailed for each part
type.

TABLE II. - TRANSISTOR FAMILY GROUPS

Family Transistor Type Applicable
Group Factors

Silicon, NPN L

TA
Silicon, PNP

FET, Silicon, P Channel

FET, Silicon, N Channel ™
II A
MOSFET, Silicon, F Channel

Tc
MOSFET, Silicon, N Channel EE
IIT Unijunction e and ZE
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3.4.3 Group I Transistors

3.4.3.1 General

The applicable prediction model for group I transistors
is:

Ny = A (wE) (vA) (nR) (“SS) (ﬂc) +Zo (percent/1000

hours)
where:
A, = Transistor failure rate (percent/1000 hours)
A, = Base partion of the failure rate, derived from figures 3 through 6, and

based on SE (electrical stress ratio) and T (temperature). The envi-
ronmental adjustment products (w) and additive factors (&), respec-
tively, can be obtained from tables ITITI through VII.

3.4.3.2 wp, Use Environment Factor

The use environmental factor expresses the general sur-
roundings and caliber of maintenance that the part will experience. It is

proportional to the electrical or internally imposed stresses in the device.
See table IITI for wvalues.

-

TABLL III. - vy AND Zgp, BASED ON ENVIRONMENTAL SERVICE CONDITION FOR GROUP I

TRANSISTORE
Environment Symbol e ZE
Ground, Fixed Gf k.75 " 0.0010
Space Flight Se 1.6 0.0005
Satellite, ILaunch Sl 40.0 0.0210

3.4.3.3 Zg, Use Environment Additive Term

- In con%rast to the use environment factor, Zg repre-
sents the hazard of failure du: to externally imposed envirommental stresses.
In the broad sense these stresses are interpreted as not only shock, vibration,
cold, etc., but also the human effect (the technician with the soldering iron,
etc.s. Since t“ese hazards exist irrespective of electrical stresses, this is
considered an independent ZE or additive factor, rather than an interacting
product factor such as wp. See tahle III for values.
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3.4.3.4 w,, Application Factor

The application factor expresses the criticality of
output demanded of ihe device. The identical part, behaving in identical
fashion, could be reliable (satisfactory) in a simple digital/ switching applica-
tion, but has a much higher probability of degrading out cf tolerance in a lin-
ear or more critical operation. See table IV for values.

TABLE IV. - APPLICATION FACTOR, wp, FOR GROUP I TRANSISTORS

Application

Linear (AC) 1
Linear (DC) 2
Low Noise (Audio) 1
High Frequency (RF) 3
Low Noise (RF) L
L Logic Switching 0

3.4.3.5 wp, Electrical Rating Factar

There is a reliability hazard inherent in the size or
power rating of the device, irrespective of whether it is operated at a high or
low stress ratio percentage of this rating. This hazard is expressed by nR,

vhich varies with the power (vattage) rating of the device. See table V for
values.

TABL# V. - RATING FACTOR, wR, FOR GROUP I TRANSISTORS

Power Rating TR
(watts)

0 to 100 mW 1
> 100 to 500 mW 1
> 0.5 to 1.0 ' 1
>1.0 to 5 1
>5.0 to 20 2
> 20 2

3.4.3.6 mgg, Secondary Electrical Stress Factor.

The factor wgg deals with internal electrical stresses,
and relates to Sgg (the stress ratio for a second significant parameter -- in

the case of transistors, voltage). It is determined as OPERATING Vog/RATED Veg
x 100. See table VI for values.
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TABLE VI. - VOLTAGE STRESS FACT(R, wggq, FOR GROUP I TRANSISTORS

S5 Y TSS
(percent )=
100 3.0
90 2.25
80 1.65
T0 1.2
60 1.C
50 0.75
Lo 0.L8
30 0.36
20 0.30
10 C.30
0 0.30
1/ Operating VCE
='Voltage stress, Sy = —Rated VCE x 100

The complexity factor expresses the construction com-
Plexity hazard of multiple devices, and each transistor in a case is subject to
"C as well as the other factors in the xs equation.

If only one transistor in a case is to be used in the
circuit, the other factors can be neglected and w becomes 1.0 and does not
influence the expression. See table VII for values.

TABLE VII. - COMPLEXTITY FACTCR, wo, FOR GROUP I TRANSISTORS

Complexityg:/ _ Tc

Single Transistor 1.0
Dual (Unmatched) 0.7
Dual (Matched) 1.2
Darlington 0.8
Dual Emitter 1.1
Multiple Emitter 1.2
Complementary Pair 0.7

1/Each transistor in a case must be treated individuslly for the com-
rlexity factor. Its failure rate, Ay, 1s determined by its applica-
tion, modified by the other w factors and then multipllied by this com-
plexity factor. If only one transistor of a pair is involved, it is
treated as an independent item, and v = 1.0.
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3.4.4 Group II (FET) Devices

3.4.4,1 General

The prediction model for FET devices is:
)‘s '[)‘b (nE)(nA)(rrc)] +2E (percent /1000 hours)

vhere A\ is the FET device failure rate (percent/1000 hours) and mg, ma, TFo, and .
are modifiers of \p, as explained in 3.3.3 herein for transistors. The spe-
cific figures and tables applying for Group II devices are as follows:

Ayt See figures T and 8

bl
ZE and wE:' See table VIII
'trA: See table IX
T See table X
TABLE VIII.- wp AND Zp, BASED ON ENVIRONMEWTAL SERVICE
CONDITION FOR GROUP II FIELD EFFECT TRANSISTORS
Environment Symbol L) ZE
. Ground, Fixed Gf 14,0 0.015
Space Flight S £ 4.5 0.008
Satellite, Launch Sl 60.0 0.0k45

TABLE IX.- APPLICATION FACTOR, m,, FOR GROUP II
FIELD EFFECT TRANSISTORS

Application A

Linear (AC) 1.0
Linear (DC) 2,0
Logic Switch 0.5
‘Low Noise (Audio) 1.5
High Frequency (RF) 3.0
Low Noise (RF) 4.0
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TABLE X.- COMPLEXITY FACTOR, m¢, FOR GROUP II,
FIELD ZFFECT TRANSISTORS

Compléxity 1/ e
Single device 1.0
Dual (unnatched) 0.7
Dual (matched) 1.2
Complementary pair 0.7
Tetrad 1.1
;/See footnote, table VII,

3.4.5 Group III (Unijunction Devices)

3.4.5.1 General
The prediction model for unijunction devices is:
Ag = Mp (ng) + Zg (percent/1000 hours)

where Ag is the unijunction device failure rate (percent/1000 hours), and ag
and ZE are modifiers of Ap as specified in 3.3.3 herein for transistors.
The specific figures and tables applying for Group III devices are as follows:

Ap: See figures 9 and 10

ng: See table XI

ZE: See tabie XI
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TABLE XI.- ng AND Zg, BASED ON ENVIRONMENTAL SERVICE
CONDITION FOR GROUP III, UNIJUNCTION TRANSISTORS

Environment Symbol e Zg

Ground, Fixed G 6.7 0.085
Space Flight S¢ 2.5 0.009
Ground, Mobile Gp 22.5 0.090
Satellite, Launch Sy 37.C 0.090

3.4.5 Summary and Exanples

3.4.6.1 Summary

To compute the failure rate of a transistor which
belongs to one of the three femilies coverrd (transistors, unijunctions, FETs),
the applicable formula " isted in tables XII, XIII, or XIV below should be
used. The values of the factors, as directed in tables XII, XIII, and XIV,
should be determined before performing the computaticn. An example is given
at the end of the tables.

TABLE XII.- PREDICTION PROCFDURE FOR TRANSISTORS (GROUF I)

Part railure rate model (Xp)

)\p =Ny (“E X Ty XTp X T X "C) +Zg (percent/1090 hours,

where the factors are shown in the following tables and figures:

Xb: See figures 3 thru 6
WE: See table III

LI See table IV

Tt . See table V

Tss: See table VI

m,: See table VII

Tp:  See table III

NSL-BLO1
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TABLE XIII.- PREDICTION PROCEDURE FOR FIELD EFFECT
TRANSISTORS (GROUP II)

Part failure rate model (\ )
P

)‘p = Xb (“E x T, x MC) +Zp (percent/1000 hrs)

where the factcors are shown in the following tables and
tigures:

)\b: See figures T and 8

w_.: See taule VIII

T, : See table IX

E
A
r.,: See table X

Z..: See table VIII

TABLE XIV.- PREDICTION PROCEDURE FOk UNIJUNCTION
TRANSISTORS {GROUP IXI)

Part failure rate rodel (kp)

xp = )‘b ("E) +Zg (percent/1000 hrs)

where the factors are shown in the following tables and figures:

kb: See figures 9 and 10
L See table XI

ZE: See table XI

3.4.6.2 Example: Determining the Failure Rate of a Transistor

Given: A silicon, NPN, general-purpose transistor is
cperating in a linear (ac) mode at 0.4 Qf its rated maximum power. It will be
used ir & ground-fixed service environmept, at 30° C ambient temperature,
operatiig at 60 percent of maximum voltage, and rated at 500 mW.
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Find: The failure rate of the transistor.

Step 1. To derive the base failure rate, Ay, the
electrical stress ratio must first be calculated, in the following manner:
Stress ratio = operating power (Pop)/rated maximum powver (Ppay)s for this
example, S = 0.k,

Step 2. The values of the electrical stress ratio
(0.4) and the ambient operating temperature (30° C) are inserted into fig-
ures 5 or 6, to arrive at the base failure rate, Ay, of 0.0016 percent/1000
hours.

Step 3. From table III, the value of g is 4.75 and
Zgp 1s 0.0010 for a ground-fixed service environment.

Step 4. From table IV, the value of my is 1.0 for a
linear (ac) application.

Step 5. From table V, the value of wp is 1.0 for a
transistor rated at 500 mW.

Step 6. To derive the wgg term, the voltage stress
must first be computed, in the following manner:

Voltage stress (Sgg) = operating Vpgp/rated Vogp x 100
= 60 percent ?glven

For an Sgg of 60 percent, the value of wgg (from
table VI) is 1.0.

Step 7. From table VII, the value of wp fcr a single
transistor is 1.0.

Step 8. To compute the total failure rate (Ap), the
A, terms and w terms are multiplied and then added to the Zg term, as shown in
the model:

p )‘b (T\'EXTTAX‘ITRITT

>
"

wa) + 2

SS E

0.0016 (4.75 x 1.0 x 1.0 x 1.0 x 1.0) + 0.0010

0.0086 percent/1000 hours.

L. ABBREVIATIONS, SYMBOLS, AND DEFINITIONS

Abbreviations and symbols are defined in the applicable paragraph of this
specification.
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NSL-BLO1/1
DETAIL DESIGN APPLICATION SPECIFICATION FOR

NASA SFECIAL LONG-LIFE (NSL) TRANSISTOR, TYPE NSL-401/1

1. SCOPE

1.1 Aprlicability

This specification is part of the system of Part Control Packages for
controlling NASA Special Long-Life (NSL) parts, described in NASA CR-66742-1.
This specification is detail section B cf Part Control Package NSL-LOl, and
defines the detail design application requirements for a silicon, NPN transistor
intended for use in low-level, low-ncise amplifiers. This transistor is similar
to JEDEC type 2N2L8L.

2. APPLICABLE DOCUMENTS
2.1 Documents
The following document:s form a part of this specification to the

extent specified herein. Unless otherwise specified herein, the issue in effect
on the date of the part procurement contract shall apply.

STANDARDS
Military
MIL-STD-202 Test Methods for Electronic and Electrical
Component Parts
MIL-STD-1276 Leads, Weldable, for Electronic Component
Parts
SPECIFICATIONS
Military
MIL-S-19500 Semiconductor Devices, General Specifi-
cation for '
NASA
NSL-BLO1 General Design Application Specification
for NASA Special Long-Life (NSL)
Transistors
KSL-BUC1/1
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(The documents list®d in 2.1 of NSL-BLOl form a part of this document to the
extent specified herein and within the limitations of 2.2 of NSL-BL01.)

2.2 Conflicting Requirements

The requirements of 2.2 of NSL-BLOl apply.

3. DESIGN APPLICATION REQUIREMENTS

3.2 Design Limitations

3.1.1 Maximum Ratings

Unless otherwise specified, the maximum ratings at an ambient
temperature of 250 +3°C shall be as shown in table I herein.

TABLE I. - MAXIMUM RATINGS

Storage temperature range -65° to +200° C
Operating temperature range -55° to +150° C
Lead soldering temperature 300 C
Collector-to-base voltage, emitter open 60 V
Collector-to-emitter voltage, base open 60 V
Emitter-to-base 1 nltage, collector open 6V
Collector current 50 mA
Power dissipation, free air (25° € amb) 0.36 W

Derate above 25° C 2.06 mW/OC
Power dissipation, heat sink (25° C case) 1.2 W

Derate zbove 25° C 6.85 mw/°c

3.1.2 Electrical Characteristics

The electrical characteristics shall be as specifiéd in table
II and figure 1 herein.

3.1.3 External Physical Characteristics

The external physical characteristics shall be as specified in
figure 2 herein.

NSL-BLO1/1
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TABLE II. - ELECTRICAL CHARACTERISTICS

Parameter | Min Typ Max Conditions 1/
hpg 430 800 I, =10 mA, Vo, = 5.0V
hpg 250 450 I,=1 mA, Vo =50V
hpg 200 430 I, = 500 pA, Vop = 5.0V
heg 175 375 I, = 100 pA, Vo = 5.0V
heg 100 290 500 I,=10pA, Vo =5.0V
hpp 30 200 Io=1 ph, Vo = 5.0V
BVopg 60 V I, =10 pA
BVeRo (sus) | 60 v I, = 10 mA pulsed
BVEgo 6V | I; =10 pA
VEE (on) 0.5V ]| 0.57 V 0.7V I, = 100 p4, Vo = 5.0 ¥
VeE (sat) 0.2 V 0.3V I, =10 mA, Iy = 0.1 mA
| 0.1 nA 10 nA V&B =45V
Iero 0.1 nA 2.0 nA Vog = 5-0V
Iopo 0.2 pA 10 pA Vop = ks v, T, = 150° C
NF 1.8 db 7.5 db I, = 10 pA, Vo = 5V, £ = 200 He
NF 1.8 ab 3.0 db I, = 10 pA, Voo = 5V, £ = 1 kiiz
NF 0.6 db 2.0 db Io =10 pA, Vop = 5V, £ = 10 kiz
NF 2.0 db 3.0 db I, = 10 pA, Vop = 5V, £ = 15.7 kHz
'hfe' 3.0 4.0 Vog = 5.0V, Iy = 50 wh,

f = 5.0 MHz
“hfei 2.0 2.6 7.0 Vg = 50 V, I, = 500 BA,

f = 30 MHz

a
Y AT, = 25°C, unless otherwise specified.
NSL-BLO1/1
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TABLE II. - ELECTRICAL CHARACTERISTICS (continued)

 Parameter Min Typ Max Conditions 1/
nhfe' 50 400 900 Vop = 5.0V, I, = 1.0 mA,
f = 1.0 KHz
h, 3.5 KQ 15 KQ 2Lk KQ V_=50V,I_ =1.0mA,
ie CE C
f = 1.0 KHz
ho 15 umho L0 puho Vog = 9-0V, I, = 1.0 mA,
f = 1.0 KHz
n L2s x :Lo’6 800 x 10'6 V.=50V, I, =1.0mA
re CE ' > ¢ ' ?
f =1.0 Kz
Cobo 3.5 pf 5.0 pf Vog = 5.0V, Iz =0,
0.1sf=<1 MHz
1/ At TA = 250 C, unless otherwise specified.

3.1.4 Recommended Usage

The NSL-U401/1 transistor is a low-noise, low-power device with
high gain over a wide range of collector current. It should find extensive
usage as the first stage in small-signal amplifiers, or tue first of several
stages in extremely low-noise amplifiers. Because of its high current gain,
the device will also find applications as a reference amplifier, and its usage
ma allow a reduction in parts in amplifiers having several stages.

As a low-no®_.e amplifier, this device should be operated at low
collector-emitter voltages and low collector current levels. To obtain the
lowest noise figures, care should be exercised in design to provide the proper
source impedance. (Refer to figure 1 herein for the best low-noise per-
formance.)

3.1.5 Application Review

3,1.5.1 Power

Under no conditions of operation shall the Junction
temperature be allowed to exceed 200°C (refer to the power derating

NSL-BLO1/1
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NOTES :
1. Leads: MIL-3TD-1276, Type X
2. Collector connected to case
3. Weight: 0.43 gm

L. Case: Hermetically sealed
FIGURE 2. EXTERNAL PHYSICAL CHARACTERISTICS.

requirements, 3.2.1 herein.) Average power dissipation shall be in accordance
with the Reliability Derating Information, 3.3 herein, to reilize failure
rates consistent with system requirements.

3.1.5.2 Voltage

Maximum allowable voltages for this part (VCBO =
VC o = 60V, vV = 6 V) are listed in taeble I, Maximum Ratings. Thése
vaEues shall be reduced at least 15% to allow for changes with age. Further
reduction increases reiiability corsiderably. (Refer to table VI of the
generel u sien application specification, LCL-BLO1.)

3.1.5.3 Current
This device shall be used in applications where the

maximum current is less than 20 mA. The meximum rating, S0 mA, is con-
servative.

NSL-BLO1/1
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3.1.5.4 Temperature

The maximum allowable storage ard Junction
temperature is 200°c. Exposure to temperatures asbove 200°C may cause per-
manent damage to the transistor die. Temperaturesbelow -65°C may cause
excessive thermal stress to be developed in the metal and glass package. The

.vice shall not be subjected tc temperatures below -65°C.

3.1.5.5 Vibration, Shock, and Acceleration

The device will withstand, without degradation,
vibration levels of 20 5 at frequencies from 10 to 2,000 Hz, acceleration
levels of 30,000 G, and shock levels of 1,500 G.

3.1.5.6 Atmospheric Conditions

The device is hermetically sealed, and altitude
operation is unlimited. It will meet the moisture resistance and salt spray
requirements of MIL-STD-202, methods 106 and 101, respectively.

3.1.5.7 Radiation

The device is not hardened to radiation.

3.1.5.8 Worst Case Analysis

The worst case values of current gain, leskaga cur-
rents, and small-signal parameters shall *e snalyzed in the design review.

3.2 Derating Procedureg

The requirements cf 3.2 of NSL-BLOL apply.

3.2.1 Power Derating

Pover deratiag sha.l be zs specified in table III and figure
3 herein.

3.3 Reliability

The requirements of 3.3 of NSL-BLOl apply.

3.4 Failure Rate Computation

To determine the failiire rate for parts ccvered by this specification,
the failure rate model listed helow should be used, with reference to the
general design application specification, NSL—B&Ol,as noted.

NSL-BL401/1
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TABLE III. - POWER DERATING

Maximum allowable junction temperature TJ max EOOOC
Thermal resistance, junction-to-case 810 146°¢/w
Thermal resistarce, juncticn-to-air GJA h86°c/w
Maximum power dissipation at 25°C case PT 1.2 W
temperature
For case temperatures above 25°C (when 6.9 mW/°C
using a heat sink), derate
Maximum power dissipation at 25°C PT 0.36 W
ambient temperature
For ambient temperatures above 25°C 2.1 mw/°C
(without a heat sink), derate
P
i ]
1.4 .
H R4
1.2 I
| With Heaf 51nr
1.0 \k/ (Cabe Tepperature)
.8 ‘\T\\\‘
| N
@ .6
- Without Hegt Sipk
= iept Tpmperpture
@
g 1|/
°
& .2 M N,
] \

Temperature (°C)

25 50 75 100 125 150 175 200

FIGURE. 3. POWER DERATING.
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The catastrophic failure rate, Ag, in percent per 1000 hours, is

computed as:

[hb (TfE) (ﬂA) (T(R) (KSS) (ﬂc)] + Zg

TABLE IV. - COMPUTATION OF FAILURE RATE FOR TYPE
NSL-401/1 TRANSISTOR

Parameter Description Determine Value
from NSL-B401l

RB Base failure rate Figure 5 or 6

L) Environmental factor Table III

T Application factor Table IV

TR Rating factor "R = 1.0

Tas Secondary stress factor Table VI

L Complexity factor “C = 1.0

ZE Environmental additive Table III

term

L. ABBREVIATIONS, SYMBOLS, AND DEFINITIONS

The abbreviations, symbols, and definitions provided in NSL-BLOl apply.
Additional abbreviations, symbols, and definitions used herein are defined in

MIL-S-19500.

NSL-B401/1
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NSL-Cck01
GENERAL PART AND MANUFACTURER SELECTION AND CONTROL SPECIFICATION FOR NASA
SPECIAL IONG-L.I™ (NSL) TRANSISTORS

l. SCOPE
1.1 Applicability

This specification is part of the system of Part Control Packages
for controlling NASA Special Long-Life (NSL) parts, described in NASA
CR-66T42-1. This specification is general sectiou ¢ of Part Control
Package NSL-L0Ol, and defines the general requirements that a prime contractor
shall observe for the selection and control of NSL parts. This specifica-
tion and the applicable detail selection and control specification,

NSL-C401/ » are mandatory whenever NSL transistors are specified.

2. APPLICABLE DOCUMENTS
2.1 Documents
The following documents form a part of this specification to tkLc ex-

tent specified herein. Unless otherwise specified herein, the issue in effect
on the date of the part procurement contract shall apply.

SPECIFICATIONS
HASA

NSL-Cck01/ Detail Specification for Manufacturer
Selection and Control

NSL-AkO1 General Procurement Specification for
NASA Special Long-Life {NSL)
Transistors

NSL-AL01/ . Detail Procurement Specification for
NASA Special Long-Life (INSL)
Transistor:

e.2 ConflictingﬁRequirements

In the event of conflict between the vequirements of this specifica-
tion and any of the documents specified herein or in the applicable detail
specification, the order of precedence shall be as follows:

a. The applicable NASA Special Long-Life (NSL) detail selection and
control ¢ ‘:cification.

NSL-cLo1
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b. This general selection and control specification.

c. ©Specifications referenced herein or in the applicable detail
selection and control specification.

NSL-CLO1
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3. METHODS AND REQUIREMENTS

3.1 General

The primne contractor shall select and control the qualification and
procurement of NSL parts in accordance with the requirements of this specifi=-
cation and the applicable detail selection and control specification. The
selection and control process shall consist of the following three phases:

Phase I. The prime contractor shall conduct a quality survey of the
part manufacturer in accordance with the requirements and criteria of 3.2 of
this specification and the applicable detail selection and control specifica-
tion. Successful completion places the part manufacturer on the Manufacturer
Eligibility List (MEL) and makes him eligible for a line certification survey
as described in Phase II.

Phase II. The prime contractcr shall conduct a line certification
survey in accordance with the requirements and criteria of 3.3 of this speci-
fication and the applicable detail selection and control specification.
Successful completion places the line on the Certification Line List (CLL),
eligible to supply transistors to the specific NSL detail procurement speci-
fication for which the line is certified.

Phase III. The prime contractor shall, in accordance with the require-
nents and criteria of 3.4 of this specification and the applicable detail
selection and control specification, negotiate and monitor the procurement of
parts to the general procurement specification NSL-ALOl and the applicable
detail procurement specification. This action is contingent on the following:

a. The part manufacturer, required in the applicable detail procure-
ment specification, is listed on the MEL.

b. The part manufacturer's line for producing the part is listed on
the CLL.

c. The general procurement specification NSL-ALOl1l and the applicable
detail procurement specilication are both approved by the prime contractor
and the cognizant NASA installation.

Upon verifying the satisfactory completion of the requirements of NSL-ALOl
and the applicable detail procurement specification, the prime contractor
shall approve the procurement lot as accepted and qualified NSL parts.

3.2 Part Manufacturer Qualification (Phase I)

3.2.1 Part Manufacturer Survey

A complete survey of the part manufacturer's shall be made.
The part manufacturer shall provide adequate assurance of his capabilities
to meet the requirements listed in this general specification.

NSL-CLO1
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3.2.1.1 Part Manufacturer Eligibility

All part manufacturers of transistors may have the opportunity
to request, in writing, a part manufacturer survey for one or more particular
-transistors of interest to the NASA prime contractor. The right is reversed
to consid=ar part manufacturers for survey in order of current demand and
usage. Thz NASA prime contractcr shall respond with a questionnaire, as
shown in appendix A herein, which the part manufacturer shall complete.

Upon receipt of a satisfactorily completed questionnaire, the NASA prime
contractor and the part manufacturer shall mutually agree to a time and
place for the survey.

3.2.1.2 Resurvey Requirements

A part manufacturer survey will not need to be repeated as long
as the part manufacturer precduces and ships to the NASA prime contractors
or subcontractors within a twelve-month period one or more lots of transis-
tors in a satisfactory manner unless a major change from the findings of
the last part manufacturer survey occurs. Examples of such major changes
include a substantial change of ownership, simultaneous loss of several key
personnel, or deterioration in delivery and quality record.

3.2.1.3 Survey Data

The part manufacturer shall provide the survey team with data
that will be used for making a decision. This data shall include the follow-
ing:

a. Organization chart that includes the key organizational blocks
and delineates lines of authority and responsibility. The segment responsible
to management for overall reliability shall be clearly identified and des-
cribed. The organizational relationship petween engineering, production,
reliability, and quality assurance, procurement, and management shall bte
clearly indicated.

b. Short biographical sketches of all key personnel.

c. List of government ccntracts held and major purchase orders
received, with a statement of performance (price, delivery, yield, and re-
jection rate). :

d. Number of surveys made by NASA centers, prime contractors
and subcontracturs during previous 6- and 12-month periods.

e. Description of the failure analysis program, including
failure defect analysis capabilities, failure mode detection, and corrective
action programs.

f. Product-assurance-oriented training programs, covering all
phases of activity involved in producing transistors.
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g. Product assurance controls applied to subcontractors and
vendors in connection with their supply of parts and materials, as uppli-
cable.

h. Manufacturing flow chart for all production operations that
identify in sequence the materials, processes, and inspections used and that
list the document number and revision of th2 documentation covering these
materials, processes, and inspections.

i. Lot control plan for the traceability of materials and
processes used throughout the manufacturing cycle, including part identifi-
cation.

Jj. Manufacturing line or lines for which the manufacturer
wishes to obtain approval.

k. List of transistor orders delivered to NASA, prime con-
tractors, or to svbcontractors within the past 6 months.

3.2.2 Criteria for Part Manufacturer Qualification

In order to meet the qualification requirements, the part manu-
facturer must complete the questionnaire of appendix A nerein, supply the
survey data of ".2.2.3 herein, and demonstrate standardization practices,
process controls, documentation and change procedures, subcontractor and
part manufacturer control methods, inspection methods, and storage techniques
to the survey teanm.

3.2.2.1 Standard zation of Design Practices and Processing
Procedures

The part manufacturer shall maintain continuous stand-
ization and control of design practices and processing procedures, and shall
formalize his results for use by his design, drafting, fabrication, and in-
spection personnel. The part marufacturer's product-assurance organization
shall be responsible for reviewing these standards for adequacy in meeting
product-assurance requirements of purchase orders, and for monitoring and
assuring that they are being followed. The part manufacturer shall review
the specifications of all his subcontractors for compatibility with the
requirements of this specification, and ali specifications shall be submitted
for inspection by the survey team, upon request. Typical areas to be covered
in this standardization system include: |

a. Process specifications
b. Fabrication, assembly, and machining specifications

c¢c. Drafting practice and drawing specifications
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2.2.2.2 Process Control Charts

Design and process control shall be monitored by the part
manufacturer -through control charts on appropriate product and process
"variables, tolerances, and other control techniques, as necessary.

3.2.2.3 Process Control Documentation

The part manufacturer shail completely document with
specifications and procedures the procurement of parts and materials, mate-
rials inspection, transistor manufacturing processes, and inspections used
to control these processes. The documentation shall include internal pro-
cedures for the control and .evisions of all documents. This documentation
shall be available for review by the survey team.

3.2.2.4 Specification and Drawing Control

The part manufacturer shall adequate?-- control the issue
of new or revised process sy :ifications, inspection procedures, and procure-
ment specifications, and shail provide for the recall of obsolete issues.

The specification control (or equivalent activity) shall know the location
of all operational issues of specifications. Specification revisions (and
new issues) shall require approval by the appropriate levels of production,
engineering, and prnduct-assurance management. Proprietary process or design
specifications shall be handled in the same (or equivalent) formal manner

as other specifications although they need not be made available to the
survey team nor be given the same distribution as other specifications.
However, they shall be identified on product-flow charts by title and number.
Specification control (cr equivalent activity) shall have a record of issue
locations and revision history.

Internal process, inspection, and other specifications
shall show the customer revision status when customer drewings or specifi-
catious, provided for contracts, are referenced. When changes to customer
specifications are received, the impact on active precducts shall be evaluated
by comparison with the prior customer documents; they shall therefore, be
maintained in a controlled, known location.

3.2.2.5 Proprietary Processes and Procedures

Documents describing proprietary processes need not be
made available to the qualifying activity; but upon the specific request of
this activity, an official of the part manufacturer shell show the qualify-
ing acitivity, that the proprieta.y operations are completely dei'ined and
that proper controls are specified.

NSL-CLO1
Sheet 6



3.2.2.6 Control of Procurement Sources

™e part manufacturer shall exercise control over his

. sources of supp: contractors to assure the quaiity and reliability of
purchused parts . .iterials, and sha® maintain records of product per-
formance of each sv-~tier part manufacturer. Chemical analyses and physical
tests necessary to verify that raw materials conform to design requirements
shall be periodically conducted on samples randomly selected from raw mate-
rial received. Test results shall be incorpora*~d as part of the inspection
records for the lot selected.

-~

3.2.2.7 Part Manufacturer's Receiving Inspection

Receiving Inspectioun shall operate under prescribed pro-
cedures and maintain a formzl record system. A formal method of handling
rejected materiai shall be in evidence. There shall be a segregation of
accepted materiai, rejected materia., and parts being held pricr to final
disposition by Receiving inspection. The above control procedures shali
be implemented for such items as packages, semiconductor materials and
other types of substrates, piece parts, solier preforms, wires, and pure
chemicals.

3.2.2.8 Nonconforming Materials

The part manufacturer shall provide for the review,
control, anc disposition of nonconforming materials. Each nonconformance
shall be r=viewed, a aisposition shall be made by personnel vested with
this respoasibility, and v-~itive corrective action shall be taken to pre-
vent recurrence ~f simile .crepancies. Pertinent drawings ana dcc amen-
taticr shall ‘e cnanged or initiated, as necessary. '

2.2.2.9 Measuring and Test Equipmrent

The part manufacturer shall provide and maintain ~~asur-
ing and testing devices necessary to assure that transistors conform .
technical requirements. These device shall be caiibrated at established
periods against certified measurement standards which have known valid
relationships to national standards to assure continued accuracy. The
objective is to assure that inspection and test equipment is adjusted,
replaced, or repaired before it becomes inaccurate. The calibration of
measuring and testing equipment shall be in conformancz with MIL-STD-750.
The part manufacturer shall assure the use of only those subcontractors
and sources oI supply which depend on calibration systems that effectively
control the accuracy of measuring ard testing equipment. '
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3.2.2.10 Inventory Control.

From the time of material receipt through processing
and completion of the transistors, all materials, parts and finished products
shall be handled and stored in such a way that the identity and quality of
such items will be preserved. All materials shall be used on a first-in,
first-out basis. Materials and parts shall be transferred and transported
in containers or equipment and by methods that will adequately protect their
quality and identity.

3.3 Line Certification (Phase II)

3.3.1 Line Survey

The part manufacturer's semiconductor line or lines tc be
used for the fabrication of the transistors of interest to the NASA prime
contractor shall be surveyed. The part manufacturer shall allcw the s'rvay
team to witness all line activities with the exception of proprietary process-
es and)shall assist in completing the Line Certification Checklist (appendix B
herein).

3.3.1.1 Time of Survey

A line survey shall not be made prior to the request
for part manufacturer qualificaticn. The line survey may be made during the
same time as the part manufacturer quality survey, or at a time negotiated
between the prime contractor and the part manufacturer after receipt by the
prime contractor of a tormal request for line certification.

3.3.1.2 Resurvey Requirements

While the line is listed on the CLL, 2 resurvey will
not be required unless a major change is effected in the line. Examples of
such changes include a1 major process change, major equipment change, or change
in inspection philosophy or procedures.

3.3.1.3 Line Survey Data

'he part manufacturer shall provide the survey team
with data that will be used for making a decision. This data shall inciude
the following:

a. Process Flow Chart

The part manufactu.er sh=1l present a process
flow chart of a typical transistor within each Tamily for which certification
is requested. The chart shnall shcw the sequence of fabrication and inspec-
tion with symbols to distinguish between each process. Inspection shall in-
ciude any measurement, test, or visual inspection performed. The process
flow chart shall show the following additional items:
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® Specification number for each fabrication or
inspection step with ° .e of latest revision.

@ Organization performing each process (pro-
duction, Q.C., etc.).

@ Points at which statistical control records
are kept.

b. Rorte Ticket

The part manufacturer shall demonstrate the use
of a route ticket for each lot. The ticket shall show, as a minimum, the
following information:

® Lot identification

® Name of operation

® Date of each operation

o Loss, if any, at each operation

@ Operator's name.

¢. Process Cortrol Chart

The part manufacturer shall show a process
control chart that has been prepared and maintained during the manufacture
of transistors. The process control chart shall contain, as a minimum,
the following information for each process (as applicable):

® Lot identification

¥ Process dates

® Number of items inspected

® Number or percent defective

® Median values (from mechanical and electrical
tests)

® Range of values.

d. Documentation

The part manufacturer shall demonstrate that
documentation is aiailable to operating personnel on the line at all times.
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3.3.2 Criteria for Line Certification

In order to meet the line certification requirements, the
part manufacturer shall supply the line survey data of 3.3.1.3 herein,
~demonstrate the processes from wafer preparation .hrough package sealing,
and demonstrate the quality control techniques such as screening and trace-
ability. Proprietary processes need not be demonstrated, but should be dis-
closed by process specification title, number, and revision designation.

3.3.2.1 Wafer Preparation

The part manufacturer shall demonstrate his control
c® wafers by indicating his techniques for the measurement of:

a. Thickness

b. Flatness

c. Parallelism

d. Surface roughness
e. Crystal perfection
f. Surface orientation
g. Lifetime

h. Oxygen content

i. Conductivity

j. Resistivity.

A 100% visual inspection on wafers, just prior to
passivation, shall be demonstrated.

3.3.2.2 Surface Passivatior

The part manuracturer shall specify:

a. The type of layers formed on the substrate
(8i0p, SigNy, etc.).

b. The methods used to form the layers.on the
substrate (simple oxidation, oxidation during diffusion, sputtering, etc.).

c. The purpose of the layer (masking, passivating,
or dielectric). '
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For each type of layer, each method of formation
used, and for each purpose, the part manufacturer shall specify the thick-
ness of layer to be grown or deposited in the 500 to 15,000 X range and shall
demonstrate the method used to measure the thickness of each layer.

The part manufacturer shall demonstrate the method
used during production for detecting and measuring the density (no./cm@) and
size diameter in microns, of pinhcles and cracks in a typical passivating
layer.

The part manufacturer shall demonstrate his procedure
and equipment used to make a profile of each type of furnace (oxidation)
that forms a passivating layer. The part manufacturer shall stipulate the
frequency at which each furnace is profiled, the profiling tool (potentio-
meter) is calibrated, and the profile is monitored. A record, such as a
strip chart, shall be maintained of the monitor readings. This record shall
be easily interpreted and kept near the furnace.

The part manufacturer shall demonstrate procedures
for corrective action in the event the temperature drifts out of tolerance.

At least one monitor wafer shall accompany each
batch of wafers through the passivation step.

3.2.2. " ouolithography
The part manufacturer shall identify each type of
photoresist in S 1 8s negative, positive, KPR, AX-11, etc.). A change
in viscosity by - "ving tne amount of thinner shall not constitute a different
type. The part me. " .. cturer shall demonstrate the procedure for receiving

and storing each typc ot photoresist. Control methods for the viscosity,
solid residue, line width ur definition, and pinhole count of each type

of photoresist shall be indicated. The areas in which photomasking and
etching are to be performed, including minimum requirements for dust, humidity,
temperature, and lighting conditions, shall be defined. The part manufac-
turer rhall demonstrate the applicationof photoresist. Application parameters
and cechniquires that depend on the subsequent etching (e.g. oxide or
aluninum), shall be specified. The following processes and criteria shall

be described by the part manufacturer:

® Method of mounting the wafer

Temperature of photoresist quring application
Time of rotation |

Speed of rotation

Time and temperature for drying of photoresist

Viscosity range of the photoresist.
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When the photoresist is baked, temperature control
procedures shall be defined. The part manufacturer shall demonstrate the
photcoresist inspection procedures. He shall demonstrate the control of the
photoresist exposure ané development processes, including inspectior of the
‘photoresist pattern for irregularities such as pinholes, scratches, poor
definition, lifting, and misregistration. Post bake, etching, and photo-
resist removal along with the inspection criteria shall be defined by the
part manufacturer. The control of masks and macking techuiques shall be
demonstrated by the part manufacturer.

3.3.2.4 Juction Formation

The part manufacturer shall demonstrate to the survey
team the following tests:

® Profiling of a diffusion tube

® Temperature check of a diffusion tube

® Temperature check of an epitaxial furnace
® Flow control of gases in diffusion

® Flow control of gases in epitaxy

® Loading and unloading diffusion tube

® Load and unload:ng zn epitaxy furnace

® Measurement of sheet resistivity and junction
depth on an epitaxic . layer

@ Measuremer:it of emitter and base junction depths
on a diffused transistor.

3.5.2.5 Metallization

The part manufacturer shall indicate each type of
metallization used in production for which he requests g alification (Al-Al,
Al-Au, Al-Mo-Au, etc.). The part manufacturer shall demonstrate the controls
and the metallizing process as specified below.

® Temperature of substrate, vacuum, and heat -- IZR
relationship on metal to be deposited

® Monitoring of metal thickness

® Temperature, time, and environment duriag
alloying
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® Time, temperature, and concentration of etciing
® Removal of etchant.

The part manufacturer shall explain the corrective
action taken if tolerances for each control are exceeded.

3.3.2.6 Die Sort Inspecticn

The part manufacturer shall demonstrate & typical
die sort inspection, i.izluding production and quality control. The equip-
ment and visuwal aids used as guidelines, route ticket records, and accepted
and rejected criteria shall be defined.

3.3.2.7 Die Mounting

The part manufacturer shall indicate:
a. The types of die (Ge, Si,GaAs, etc.)

b. The bonding agent used (tin-lead solder, epoxy,
glass, etc.)

c. The package mount material (metal, bteryllia,
sapphire, etc.)

d. The design used (bumps, preform, etc.).

The part manufacturer shali demonstrate the temper-
ature control when heat is used in mounting the chip.

3.3.2.8 Wire Bonding

The part manufacturer shall identify each type of
bonding used in current production, such as:

a. Kind of lead (wire, beam-lead, flip-chip, etc.)

b. Size of lead {3/4 mil, 1 mil, 1 1/2 mil diameter,
1 x 12 micron beam, etc.)

c. Material (Al, Ay, Cr-Au, etc.)

d. Technique (thermocompression nailhead, thermo-
compression wedge, ultrasonic, etc.)

3.3 9 Pre-seal Visual Inspection

The part manufacturer shall demonstrate a typical
pre-seal inspection with respect to:
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a. Type of die (flip-chip, eutectic bonded, etc.)
b. Type of interconnection (Al-Al, Al-Au, etc.)

3.3.2.10 Sealing

The part manufacturer shall indicate:

a. The types of seals used in production (TO-5,
T0-18, etc.)

b. The technique used “  2am welding, resistance
welding, furnace cycle with solder, hot-press vi . solder, epoxy cure, etc.).

The part manufacturer shall demonstrate controls
over temperature, time, and vacuum during pre-seal bake, and over the main-
tenance of records. The part manufactuer shall demonstrate that heat applied
to the transistor for sealing shall be controlled so that no significant
mechanical or electrical degradation will result. A maximum time shall be
established for each sealing temperature.

3.3.2.11 External Inspection

Thepart manufacturer shall identify his procedures,
visual aids, route tickets, and records cn transistors prior to packaging.

3.3.2.12 Quality Control

Thepart manufacturer shall demonstrate his quality
contrecl methods to ensure the production of reliable transistors. These
methods shall include:

a. 100% screening procedures

b. PFailure analysis methods

c. Traceability techniques

d. Feedback methods from quality stations to line
operations.

3.4.5 Procureme~t Lot Acceptance

Upon verifying the satisfactory completion of the performance
requirements in the general and applicable detail parts procurement speci-
fications by the part manufacturer, the primecontractor shall approve the
procurement lot as accepted and qualified NSL parts and shall add the detail
part procurement specification number to the Mandatory Parts List (MPL).
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3.4 Part Procureuent and Qualification (Phase III)

3.4.1 Part Procuremant

The prime contractor shall negotiate the price and delivery
of the procurement lot with the part manufacturer.

3.4.1.1 Procurement Lot

The procurement lot shall be adequete to provide
the entire quantity of the specific NSL part required by all contractors
throughout the program, for flight, testing, spares and contingency. The
intent shall be to secure the reliability and cost effectiveness achievable
with single (large) lot procurement and lot qualification.

3.4.2 Part Fabrication

The prime contractor shall monitor the part fabrication to
the product requirements specified in the general procurement specification
NSL-A4O1 and the applicable detail procurement specification NSL-AkOl/ .

3.4.3 Acceptance Test

The prime contractor shall monitor the acceptance test in
accordance with the general procurement specification NSL-ALOl and the
applicable detail procurement specification NSL-ALO1/ .

3.b.4 Qualification Test

The prime contractor shall monitor the qualification test in
accordance with the general procurement specification NSL-ALQl and the ap-
plicable detail procurement specificetion NSL-ALO1/ .
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L. REVOCATION AND REINSTATEMENT REQUIREMENTS

L.1 Loss of Part Manufactuer Qualification Status

Loss of the part manufacturer qualification status may result from
the following:

a. Failure to comply with the quality survey requirements specified
herein when producing, testing, stocking, and documenting parts to the
applicable specifications.

b. Failure to maintain line certification for at least one manu-
facturing line.

4.2 Loss of Line ~ertificatica

Loss of line certification by thepart manufacturer may result from
the following:

a. Failure to produce transistors on the certified line(s) at
least once annually.

b. Failure to comply with the Change Notification requirements of
the NASA NSL-ALQl general procurement specification.

c. Failure to maintain part quaiification for one or more transis-~
tors from that line.

d. Changes in conditions, such as fire or relocation.

4.3 Loss of Part Qualification

Loss of part qualification by the part manufacturer may result from
the following:

a. Vieclation of any conditions listed in sections k.1 and 4.2,

b. Failure to comply with the Change Notification requirements of
the NASA NSL-ALO1l general specification specification.

c. Failure to comply with the data and report-submission require-
ments.

d. Failure to maintain an acceptable delivery schedule.

e. Violation of the product-assurance provisions of the applicable
specifications.
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L.4 Reinstatement of Qualificaticn Status of Part Manufacturer Line or
Part Qualification

Part manufacturers who have lost qualification to supply transistors
- to the procurement specification may have qualification reinstated after all
su. rs, tests, studies, and measurements of the original qualification

have been reviewed and, if necessary, repeated to the extent specified by
the original qualifying activity.
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5. DOCUMENTATION REQUIREMENTS

5.1 Part Manufacturer Eligibility Doc imentation

The documentation required in 3.2.1.3 herein and the completed Part
Manufacturer Questionnaire (appendix A) shall be submitted by the part manu-
facturer to the prime contractor before the part manufacturer survey of 3.2.1
is initiated.

5.2 Line Certification Documentation

The line survey data required in 3.3.1.3 herein shall be submitted
Ly the part manufacturerto the prime contractor before ithe part manufacturer
survey of 3.2.1 is initiated.

5.3 Part Qualification Documentation

The Qualification Test Report required in 5.1.4 of the NASA genecral
procurement specification NSL-ALOl shall be submitted by the part manufacturer
to the prime contractor after the completion of the queliification test.
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6. SURVEY TEAM REQUIREMENTS

6.1 Composition of Survey Team

The survey team shall consist of NASA and its prime contractor

personnel, who are experienced in company organization, modern manufacturing
methods, and quality assurance procedures.

6.2 Survey Cost

The prime contractor shall stand the expense of the salaries, travel,
and incidentals of the survey team; the part manufacturer shall stand the
expense of receiving and conferring with the survey team at the transistor
facility mutually agreed upon.

6.3 Line Certification Checklist

The survey team shall ccmplete “he Line Certification Checklist
(appendix B) during the survey specifiec. in 3.3.1 herein.

6.4 Survey Report

The survey team shall summarize its findings in a report and
transmit a copy to the part manufacturer's management.
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T. ABBREVIATICNS, SYMBOLS, AND DEFINITTIONS

7.1 Abbreviations

T.1.1 CLL Certified Line List
T7.1.2 MEL Manufacturer Eligibility List
T.-1.3 MPL Mandatory Parts List
T.-1.4 NSL NASA Special Long-Life
T.2 Symbols
Not applicable

T.3 Definitions

Not applicable
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7RECEDING PAGE BLANK NOT FILMED.

APPENDIX A

PART MANUFACTURFR QUESTIONNAIRE

1. HISTORY

1.1 Company

Division

Address

City and State

Phone __

Person to Contact

1.2 Fabrication Activation Date for Transistors

1.3 Device Types to be Qualified

1.4 Fabrication Activation Date for Each Type

!
)

Total Number of Employees

Quality Assurance (QA)

Production

Engineering
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1.6 Plant Area Square Feet

1.7 Manufacturing Area Square Feet

1.8 Types of Transistors Manufactured

1.9 Government Service Inspection: Resident Itinerant

1.10 Facilities Available for:

a. Continuous Production

b. Pilot Production

c. R &D, Limited Production

2. MANAGEMENT

2.1 Name and Title of Key Personnel

2.2 Does Reliability ave authority from management equal to that of
Engineering and Production? Does this mean a direct responsibility
for reliability of products in the line?
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2.3

2.4

Does the QA Manager have divect autirority fcr implementing quality
policy and action in the line?

Is there a regular, summarized, quality reporting system to manage-
ment? Does action correction in the line result?

3. QUALITY ASSURANCE (QA)

3.1

3.2

3.3

3.4

To whom does the QA Manager report? -

Do commitments to corrective action by QA Management have staff
influence or direct authority in the line? Which act prevails?

What is the QA/Reliability relationship?

What is the ratio of QA inspectors to direct production employees?
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3.6

3.7

3.8

3-9

3.10

3.11 Do current specification revisions show on flow records?

Are

procedures for identification and positive control

of rejected or accepted material described?

Is there a system for:

a.
b.
c.

Are
a.
b.

Are
the
a.
b.
C.
d.

In-process failure analysis?
End-item failure?
Reporting?

correction requests and replies documented at:
In-process Inspection?
Final Inspection?

written inspection procedures located and used in
areas of:

Receiving Inspection?

In-process Inspection?

Batch Processing?

Final Test?

Does QA perform first piece or set-up inspection?
Does QA audit this inspection during the run?

Are

calibrations or equipment maintained and current?

Does QA provide for review of purchasing documents to
assure inclusion of pertinent quality data prior to
release for procurement?

4. EQUIPMENT CALIBRATION

L.1

4.2

4.3

L.y
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Is there an effective calibration record control system?

Are decals in use for physical equipment identification

(to indicate that the units have been calibrated when

the

next calibration is due) and the calibrator's

identification?

Are adjustments on calibrated equipment required to be

sealed and tamper-proof?

Do the part manufacturer's procedures provide for the

removal from service of any equipment that has not been
maintained or calibrated in accordance with established

schedules?

Yes

No

|

[




4.5

4.6

Yes

Does the part manufacturer have current cirtification
of equipment on file reflecting standards calibra-
tion (date, traceabiliuvy to National Bureau of
Standards (NBS), and calibrator)?

a. Mechanical standards?

b. Electrical standards?

Is new specialized test equipment for acceptance
purpeses "proved" on products by QA before release
for use? _—

DRAWING AND CHANGE CONTROL

5.1

5.2

5.3

5.4

Does the part manufacturer's system proviue for a
documented change control which will guarantee that

the required drawing is available at the point of
manufacture and inspection? _—

Does the part manufacturer's drawing and change
control system guarantee the removal of obsolete
documentation from the manufacturing and inspec-
tion areas? _

Does the QA review all drawing: and changes thereto
before they become effective? _

Does thepart manufacturer have a procedure to control
temporary changes, deviations, or waivers? —_—

RELIABILITY

6.1

6.2

6.3

6.4

6.5

Are failures (types of causes or failures) in the
line accumulated, ana.iyzed, and reported to action
addressees? —_—

Are corrections as to parts or process changes
resulting from failure analysis, coordinated with
the customer, QA, or Reliability? —_

Does Reliability have the right of approval on test
specifications, data tabulation, and part or process
changes? _—

Is a failure analysis laboratory, or equivalent,

available? —

Does Reliability have access to all pertinent tran-

.sistor development and production data for analysis? _._..

No
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6.6 Is reliability data available cn transistors *rom
line or lines for which the part manufacturer ‘11

seek approval?

T. INCOMING INSPECTICN

7.1

7.2

7.3

7.4

75

7.6

7.1

Are materials received in a controlled area that
would prevent removal prior to inspection?

Do supervisors review test reports received from
vendors?

Are accepted materials adequately identified?
Is acceptance evidenced on aocuments?

Are rejected materials adequately identified and
segregated?

Are the shelf life and cure dates of materials
properly identified and controlled?

Do records indicate that uaits, lots, or split lots
are traceable to applicable documents (specification,

revision letter, and inspection record)?

Are materials stored in a controlled area under the

charge of an authorized custodian?

Is the original quality acceptance identification
maintained through the storage period?

Are physical and chemical tests performed on raw
materials?

Are such tests performed in-house?

Are such tests performed out-of-house?

8. IN-PROCESS INSPECTION

8.1
8.2

8.3

R To) )
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Are traveler documents used for the seq:2nce and
cuntrol of all operations and processes?

Do traveler documents reference inspection
procedures?

Are first-piece or set-up inspections performed
by QA% ’

Are there patrol inspections during the run?

Yes

No



10.

8.4 Is there a specified material review procedure?
8.5 Are Corrective Action Requests written?

8.6 Are rejects from manufacture analyzed and modes
summarized and report.ed?

8.7 Are military sampling plans used?
MANUFACTURING CONTROL

9.1 Are traveler documents which show the sequence of
processes available?

9.2 Are documents which describe in-process meuuafac-
‘ turing controls and procedures available?

9.3 Are control charts for batch processes used and kept
current?

9.4 Are standards for the handling, cleanliness, and
care of materials, parts and equipment specified?

9.5 Does QA have authority to stop product flow when
out-of-controi conditions exist?

9.6 Are elemental parameter distributions, such as for
base voltage, gain, and resistivity, recorded at key
process steps?

FINAL TEST

10.1 Do Final Tes* personnel (QA) have written inspectior
and test procedures for product classes on the line%

10.Z Lo procedures provide for material review and dispo-
sition of nonconforming devices?

10.3 Do inspectors use assigned stamps to indicate
inspection status on parts and accompanying
documents?

10.4 Are c.rrective Action Requests written?

10.5 Are rejected devices iden*ified and segregated in
a controlled area?

10.6 Are device failure experiences &auclyzed?

Yes

No

NSL-CLO1
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0.7

10.8

1009

10.10

Is a testing laboratory, or equivalent, main-
tained by QA for:

a. Electrical tests?

b. Mechanical tests?

c. Chemical tests?

Are statistical controls on device parameter
distributions maintained:
Are they reported to QA or Reliability?

Is an environmental test facility maintained for:
a. Temperature (high, low, cycle)
b. Sk ck (mechanical, thermal)
c. Acceleration
d. Vibration (fixed, variable)
e. Moisture resistance
f. Altitude
- X-ray
h. Hermeticity
(1) PFine leak rate
(2) Gross leak rate
i. Lead fatigue
j- Life (operating)

Is automatic equipment used for electrically test-
ing transistors? '
Does it have variables reading capability?

Does it have attributes reading (go, no-go)
capability?

Can it be used for dc and ac tests?

11. FACILITIES

11.1

1.2

NSL-CLO1
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Does thepart manufacturer have his own mask-making
facility?

Are mask-making operations performed in an ultra-
clean room?

Are photoengraving (photoresist exposure opera-
tions performed in an ultra-clean room?

If answers to 11.1 or 11.2 above are "yes", what
are the clean room specifications?

Yes

1
1]

||

REAEINARE

|11

RERIRRIREER

Are particle counts taken and recorded regu]:arly?

———



12.

Yes No

11.5 Are clean room disciplines and procedures as to
clothing, access, eating, materials allowed,
cosmetics, etc. described?

11.6 Are unfinished and finished products of the area
suitably protected to maintain their level of
cleanliness?

11.7 Does QA audit compliance with procedures and
stande: Os?

SHIPPING

12.1 1iIoes the part manufacturer have written procedures
that control the transistors?

12.2 Are materials designated for shipment properly
identified, handled, and protected?

12.3 Do copies of customer purchase orders and
evidence of inspection acceptance accompany
material to shipping (from Final Test)?

12.4 Do shipping documents reflect inspection status
or evidence of inspection, identification, and
similar :rhipping requirements?
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PRECEDING PAGE BLANK NOT FILMED.

APPENDIX B
LINE CERTIFICATION CHECKLIST

1. HISTORY

1.1 Company

Division_.

Address

City and State

Phone

Person to Contact

1.2 Activation Date for Fabrication of Line.

1.3 Device Types Fabricated on Line

1.4 Activation Date for Pabrication of Each Transistor Type

NSL-CcLO1
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2. FABRICATION METHODS AND MATERIALS

2.1 What traceability techniques are used?

2.2 Wafer Preparation

4
i
'

2.3

NSL-ChO1
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2.2.1 Which of the follocwing tests are performed
on the wafer?

a.
b.
Ce
d.
e.
f.
g.
h.
i.
j.

Thickness

Flatness
Parallelism
Surface roughness
Crystal perfection
Surface orientation
Lifetime

Oxygen content
Conductivity
Resistivity

Surface Passivation

2.3.1 What types of layers ere formed?

Yes

T
RERRRNREN

=
(o]

2.3.2 What methods are used?

2.3.3 What is the purpose of each layer?




2.4

2.3.4 What is the thickness of each layer?

-

2.3.5 How often is each furnace profiled?

2.3.6 How often is the profiling equipment calibrated?

2.3.7 How often is the profile monitored?

Photolithography

2.4.1 What type of photoresist is used?

2.4.2 What is method cf mounting the waier?

2.4.3 What is temperature of photoresist during application?

2.4.4 What are the time and speed of rotation?

NSL-CLO1
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2.5

2.6

NSL-CL4O1
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2.k.5

2.4.6

What are the time and temperature of drying for the
photoresist?

e - - T

What is the viscosity range of the photoresist?

Junction Formation

2.5.1 How often is the diffusion tube profiled? S

2.5.2 How often is the temperature of the diffusion tube checked?

2.5.3 How often is the temperature of the epitaxial furnace checked?

2.5.4 Are the sheet resistivity and junction depth measured on an
epitaxial layer? o

2.5.5 Are emitter and base junction depths measured on a diffused
transistor?

Metallization

2.6.1 What metallization system is used? ——— e




2.7

2.6.2

2.6.2

2.6.4

2.6.5

2.6.6

What are the temperatures of the substrate and vacuum?
What is the heat relationship on the metal to be deposited?

— C—— e . mesmma ek Y e eE—————— - e St v = 8

How is the metal thickness monitored?

What are the temperature, time, and eavironmental conditions
during alloying?

What are the temperature, time, and concentration of etching?

How is the etchant removed?

Is back-surface metallization used?
What is the method?

e e i e a1 . C e

Die Mounting.

2.7.1

What is the type of die?

NSL-Cko1
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2.7.2 Vhat bonding agent is used?

2.7.3 What package mount material is used? ——— ... e

2.7.4 What is the design of the package mount?

2.7.5 What forming gas is required?

2.7.6 What is the work stage temperature, if applicable?

2.8 Wire Bonding

2.8.1 What kind (physical) of lead i3 used?

2.8.2 'What size is the wire?

2.8.3 What wire material is used?

NSL-CLO1
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2.9

2.10

2.8.4 What

2.8.5 What

bondiag technique is used?

is the work stage temperature, if applicahle? _

Sealing

2.9.1 Whei

type of seal is used? .-

2.9.2 What

sealing technique is used?

2.9.3 What

is the atmosphere during sealing?

Scribing

2.10.1 What

is the method of scribing?

2.10.2 What

is the method of weakening?

2.10.3 What

is the effect of scribing on traceability?
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Sheet 39



2.11 Cleaning

2.11.1 What is the method of cleaning?

2.11.2 When is cleaning performed?

2.11.3 What cleaning solutions are used?

2.11.4 How often are solutions changed? .
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NSL-DLO1
GENERAL PART INSPECTION; HANDLING, AND STORAGE SPECIFICATION FOR

NASA SPECIAL LONG-LIFE (NSL) TRANSISTORS

1. SCOPE

1.1 Applicability

This specification is part of the system of Part Control Packages
for controlling NASA Special Lorg-Life (NSL) parts, described in NASA
CR-667h2-1. This specification is general section D of Part Control Package
NSL-LOl, and defines the general part inspection, handling, and storage
requirements for all NSL transistors. This specification and the applicable
detail part inspection, handling, and storage specification, NSL-D4o1/ R
are mandatory whenever NSL transistors are specified.

NSL-D4(C1
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2. APPLICABLE DOCUMENTS
2.1 Documents

The following documents form & part of this specification to the ex-
tent specified herein. Unless otherwise specified herein, the issue in effect
on the date of the part procurement contract shall apply.

ETAWNDARDS
Military
MIL-STID-T50 Test Methods for Semiconductor Devices
SPECIFICATIONS
Military

MIL-S-19500 Semiconductor Devices, General Specifi-
cation for

NASA

NSL-D401/ Detail Part Inspection, Handling, and
Storage Specification for NASA Special
Long-Life (NSL) Transistors

2.2 Conflicting Requirements

In the event of conflict between the requirements of this specifica-
tion and any of the documents specified herein or in the applicable detail

part inspection, handling, and storage specification, the order of precedence
shall be as follows:

a. The applicable NASA Special Long-Life (NSL) detail part inspec-
tion, handling, and storage specification.

b. This general part inspection, handling, and storage specification.

c. Specification referenced herein or in the applicable detail part
inspection, handling, and storage specification.

NSL-D4O1
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3. REQUIREMENTS
3.1 General
The procuring facility shall inspect, handle, and store all transis-
tors in accordance with this specification, the applicable detail specification

and the prime contractor's Parts Program Plan.

3.2 Storage and ‘lana.ing

3.2.1 General

Inprcper handling and storage of parts can have a deleterious
effect on the reliabil®.y and performance of the fabricated equipment. There-
fore, the following reguirements are established to cover the handling and
storage of parts iur-ing the interval from their ceceipt until the parts lcse
their individual identity on assembly into modules, boards, or other equipment

increments.

The g2neral requirements to be used in the establishement of
the handling and storage system shall be as follows:

a. Control of environment, such as temperature, humidity,
contamination and pressure.

b. Procedure and facilities to segregate parts,

c. Housekeeping practices, including provisions for the
routlne disposal of used packaging materials.

d. Control measures to limit personnel access to parts being
subjected to the receiving inspection cycle and parts that are placed in pro-
ject stores.

e. Facilities for the interim storage of parts, such as ade-
guate space and shelving, including protective cushioning material on the
shelves.

f. Use of an integrated system of containers to separate and
protect individual parts.

g. Crounding of all equipment prior to insertion of the part
for electrical test.

h. Where applicable, keeping parts in metal shields until
they are inserted in the equinment or removed for test.

i. Where applicable, keeping parts in carriers or other pro-
tective packages during “est.

NSL-D401
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J. Enclosure of parts in individual puckages at the earliest
posgible time atter receiving inspection is completed.

K. Storage of mmetal oxide tield effccet parts with all leads
shorted,

1. Minimi:ing mechanical shock or vibration as parts are
transporied trom place to piace.

m. Careful placement ot packages or parts on shelves or
benches (at no time shall they be thrown or dropped on a hard surfrce).

n. Use of transportation equipment that prevents packages
from being aceidentally dropped or dislodged in transit.

o. Providing bench surfaces on which materials are handled
duringe op. ¢ .ions such as test, as-embly and inspection, with adequate cush-
ioning and gille to prevent damage to parts from inadvertent rough handling.

p. Electrically grounding all accessible metal surfaces in
work areu.

q. Use of grounded wrist straps by all personnel when handling
metal ~oxide-silicon field effect parts.

r. Treating smocks worn by personnel during any phase of the
vrocess of incspection. assembly, or test, with an anti-static compound.

s. Precautions in storing or testing parts in substantial
fields o1 X-rays, neutrons. or other energy particles.

t. Re-examination and retest as specified in the applicable
detail specitication, NSL-DhOl/ , at receiving inspection on a 100 percent
inspection level, of all parts that are mishandled.

3.2.2 Procedures and Inspectioans

Procedures and instructions for the implementation of the
handling and storage system shall cover at least the following:

a. Inspection requirements for packaging in accordance with
the procurement specifications, including package-handling marking.

b. Precautionary measures necessary when handling sensitive
or critical parts, including unpackaging techriques.

c. Identification and marking instructions for parts and
individual containers to assure continued identity of part.

NSL-DLO1
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d. Instructions for preparing items for protective packaging
to prevent handling and corrosion Jdamage while in interim storsge, awaiting
other operations, or transport to shipping.

c. Procedure to establish a periodic inspection of the stores
operations by the quality control group, including visual inspection of parts
for determining acceptability of the parts condition.

3.3 Inspection Requirements

3.3.1 Pre-test Requirement

Receiving inspection shall assure that the parts are on the
NASA Program's Mandatory Parts List (MPL). They shall also assure that parts
have been inspected by the part manufacturer in accordance with the applicable
procurement specifications and the required documentation has been submitted.

3.3.2 Material and Data

Receiving inspection shall assure that inspection and test
equipment, specifications and instructions will be available to perform neces-
sary test and examinations on receipt of the parts being purchased.

3.3.3 External Physical Characteristics

Receiving inspection shall perform external visual inspection
as specified in the applicable detail specification.

3.3.4 Construction Analysis

Receiving inspection shall perform a construction analysis
inspection as specified in the applicable detail specification.

3.3.5 Electrical Tests

Receiving inspection shall perform elactrical tests as speci-
fied in the applicable detail specification.

3.3.6 Inspection, Measuring, and Test Equipment

3.3.6.1 Equipment Reguirements

The user shall provide for the selection, evaluation,
approval, malntenance, and control of all inspection standards, gages, measur-
ing, and test equipment necessary to determine conformance with specifications
and drawings. The requirements of this specification include production tools
and equipment incorporating an inspection, measurement, or test function. All
equipment shall be used in an environment and in a manner to ensure continued
measurements of the reguiied accuracy.

NSL-D4O1
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3.3.6.2 Calibration

The calibration of measuring and testing equipment
shall be in accordance with MIL-STD-T750.

3.3.7 Part Failure

Failure of any NSL transistors for any cause whatsoever shall
be reported to the NASA prime contractor on the NSI Part Failure Report,
appendix A herein.

3.3.8 Material Review Board

All discrepant parts and the effected lots shail be reviewed
for disposition by the Material Review Board. All catastrophic failures shall
have a failure analysis performed before disposition of the parts.

3.3.9 Part Separation

Receiving inspection shall assure that physical separation of
the purchase parts shall be maintained. This shall provide, as a minimum,
separation of:

a, Parts awaiting inspection or test results,

b. Conforming parts, and

c. Rejected parts.

The integrity of lc‘s awaiting inspection and test results shall be maintained.

3.3.10 lnspection Records

Records shall be maiitained attesting the parts' conformance
to the regquirements herein.

3.3.11 Inspection Stamps

3.3.11.1 Stamp Requirements

The user shall establish and maintain an inspection
stamp control system which includes, but is not limited to, the foliowing:

a., Stamps, decals, or seals shall be designed to
identify parts that have undergone inspection or test. Parts which have been
rejected need not be stamped, but the reject or withhold stamp shall be applied
to the hold tag or other documentation, as appropriate.

b. Bach stamp shall be traceable to the individual
responsible for ite use, and records shall be maintained to identify indi-
viduals with specific inspection stamps.
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c. Stamps indicating that inspections have been
verformed shall be applied only to documentation.

d. oSiamps shall be applied to tags, cards, or
labels attached to individual parts ac practical.

e. OStamp design shall not resemble Government
inspection stauns.

3.4 Project Stcres

A project stores area shall be selectcd and designated as a s*orage
area Tor parts which have completed the receiving inspection cycle bu which
have not as yet been issued to the manufacturing activity. The following mini-
mum requirements are established covering the treatment of parts during this
interval.

a. Flight and non-flight parts shall be stored in separate areas
within Project Stores and marked accordingly.

b. A Release Order (appendix B herein) is required for withdrawal of
flight parts anc shall ve signed by Project Product Effectiveness management.

c. Only authorized personnel designated by -~roject Effectiveness
management may witndraw parts from Project Stores.

d. Project Stores shall prepare kits from flight stock as requested
on a Kit Requisition form, appendix C nerein. During kit assembly, Quality
Control enters the part number, ser.al number, and receiving lot number of the
parts issued.

e. When a kit -equisition is not involved, Project Stores shall
issue paris:

(1) To complete a unit requiring seiected part (completion of
kit requirementis).

(2) To replace a damay~d or failed part, a Part Replacement
Requisition (PRR), appendix D herein, :3all be used only for "flight" parts.

f. Pa»ts forwarded from Beceiving Inspection for special testing
“hall be returned to Receiving Inspection after test for transfer to Project
ores. A Request for Inspection/Test form, appendix E herein, shall accom-
pany the parts and shall be retained with the test data history.

g. There shall be limited personnel access to tli2 Project Stores
area,

NSL-DLO1
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3.5 Fabrication Controls

3.5.1 Fabrication Instructions

The manufacturing activity shall provide detailed work instruc-
tions to the product personnel ‘ior proper handling and installation of parts.
These instructions shall reflect the assembly elements, the work stations, and
the skill levels of persons involved.

3.5.2 Material Control

Articles undergoing fabrication shall be identified on records
traceabie to the individual parts.

3.5.3 Qualitv Control

Provisions shall be made for the establishment of Quality
Control stations and procedures in the production and assembly areas.

3.5.3.1 Control of Cleanliness of Fabrication Area

Parts shall be handled, assembled, and processed under
controlled cleanliness conditions. Special procedures to maintain such clean-
liness shall be included or referenced on applicable process documents.

3.5.3.2 Process Control

The user shall maintain a defect-prevention program
for the control of bonding, welding, and other processes where uniform high
quality cannot be assured by inspection solely by examination of completed
assemblies and subassemblies.

3.5.3.3 Process Control Procedures

Process control procedures shall supplement applicable
process specifications to provide detailed methods. These procedures shall
document the preparation and fabrication conditions to be maintained during
each phase of the process.

3.5.3.4 Process E:vironments

Where procesces rust ve conducted in special environ-
ment, such as under vacuum or inert gas~s the process controls shall include
means of maintaining the required envircruents and means of indicating or
measuring the environments maintained.

3.5.3.5 Process Certification

The user shall provide for the certification of
machine, equipment, and procedures used in process cperations.

NSL-DLO1
Sheet 8



3.5.3.6 Personnel Certification

The user shall establish a system for personnel certi-
fication covering assembly, welding, soldering, and other processes requiring
special skills,

3.5.4 Joining Techniques

Work instructions and process standards shall be developed and
used which cover soldering and welding techniques. Part lead materials and
finishes shall be consistent with the Jjoining processes.

3.5.5 Contiainers and Kits

a, The user shall have a system of collecting, storing, and
issuing kits of parts needed for fabrication. In addition to facilitating the
assembly " rocess, these kits are also intended to provide physical and environ-
mental protection of their contents.

b. Individual containers si.ould nest in larger trays or tote
boxes that accommodate an entire kit or parts ior one assembly in an oraeriy
arrangement and provide mechanical security. If possible, the parts should
be arranged for withdrawal in the order in which they are placed in the
assembly.

c. The tray, containing a complete kit of parts for one
assembly, should be delivered to the work station. As the assembly is com-
pleted, the individual containers should be returned to stores for re-use and
the tray should become the container for the completed assembly. The completed
assembly should be transported in the tray to the stockroom for storage until
required in the next higher assembly.

d. Parts shall be protected from contact by bare hands; gloved
fingers, tweezers, etc., shall be used.

e. Parts supplied to the assembler should ;sreferably be ready
for assembly without further preparation. Lead cutting is permissible if
proper tools and instructione are supplied. Shear-type cutting tools (not
pinch type) shall be used. Bending moments shall not be transmitted to the
body of a part.

3.6 Traceability

A traceability system shall be established that obtain:, retains, and
assigns codes in such a manner that each NSL part can be traced from its receipt
through its subassembly level.
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4. ABBREVIATIONS, SYMBOLS, AND DEFINITIONS

None
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NSL-D401/1
DETAIL PART INSPECTION, HANDLING, AND STORAGE SPECIFICATION FOR

NASA SPECIAL LONG-LIFE (NSL) TRANSISTOR, TYPE NSL-L01/1

1. SCOPE

1.1 Applicabilitx

This specification is part of the system of Part Control Packages
for controlling NASA Special Long-Life (NSL) parts, described in NASA
CR-G6T742-1.. This specification is detail section D of Part Control Package
NSL-401, and defines the detail part inspection, handling, and storage
requirements for transistors, type NSL—hOl/l.

2. APPLICABLE DOCUMENTS
2.1 Documents
The fcllowing documents form a part of this specification to the ex-
tent specified herein. Unless otherwise specified herein, the issue in effect
on the date of the part procurement contract shall apply.
SPECIFICATIONS
NASA
NSL-DhOL General Part Inspection, Handling, and
Storage Specification for NASA Special
Long-Life (NSL) Transistors

(The documents listed in 2.1 of NSL-D4Ol form a part .f this document to the
¢ <tent specified herein and within the limitations of 2.2 of NSL-DLOl.)

2.2 Conflicting Requiiements

The requirements of 2.2 of NSL-D4Ol apply.
3. REQUIREMENTS
3.1 General
The requirements of 3.1 of NSL-D4O1 apply.

3.2 Storage and Handling '
The requirements of 3.2 of NSL-D4Ol apply.
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3.3 Inspection Requirements

3.3.1 Pre-test Requirements

The contractor shall verify that the inspectic:: requirements
of 3.3.1 of NSL-D4Ol and as specified below are met.

3.3.1.1 Source Verification

The part manufacturer shall te:

National Semiconductor Corp.

P. O. Box 443

Danbury, Connacticut 06813

Code Identification Number: 01295

Shipments received from other sources, including distributors, jobbers, other
part manufacturers, or facilities different than that specified above, shall
be rejected.

3.3.1.2 Data Package

All documentation shall be contained on 8-1/2 by
11 inch sheets or standard electronic accounting machine printout forms. The
following items shall be included in the data package:

a. Certificate of Compliance

b. Fabrication Record Report

c. Acceptance Test Report

d. Qualification Test Report

3.3.3 External Physical Characteristics

The external physical characteristics of the transistor shall
be as shown in figures 1 and 2 herein.

3.3.4 Internal Construction Analysis

Construction and materials shall be in accordance with
figures 2 and 3 herein.

3.3.5 Electrical Characteristics

The electrical characteristics of the transistor shall be as
specified in table I herein.
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3.3.6 Acceptance Test

The acceptance test requirements shall be as specified in
tables II, III, and IV herein.

3.4 Project Stores

The requirements of 3.4 of NSL-DLOl apply.

3.5 Fabrication Controls

Tae requirements of 3.5 of NSL-D4Ol apply.

3.6 Traceability

The requirements of 3.6 of NSL-D4LOl apply.
4, ABBREVIATIONS, SYMBOLS, AND DEFINITIONS

The abbreviations, symbols, and definitions are defined in MIL-S-19500.
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ABLE I,- : REQUIREMENTS
Test Test Conditions Limits at Temperature Units}
Method TA = TA = TA = |
MIL-STD-750 -55° ¢ | +25° C | +150° C,
Subgroup 1 ' i %
i, 3011 I,=10mA 1/ 60 min | v
% adD = i
% con IB 0
tiCBO 3001 Iy =10 pa 60 min v
} cond D I =0
{ ; E : [
’BV 6 | ¢
ERO 302 IE = 10 pA 6.0 min ! v
cond D [I,=0 ! ;
: ‘ z
?ICBO 3036 VCB 45 vV 10 max
cond D Iy =0
'ICES 3041 Vg =5V 5 max } 10 max | nA
cond C !VBE =0 i
_,ICEO 3041 Veg =5V 2 max | nA !
cond D IB =0 :
I 061 V.. =6V ' 2 max nA
EBO 3 Vem
cond D IC = 0
Subgroup 2 :
hem 3076 Vg =57V 30 min -
1 IC - 1 pA
hom 3076 vCE = 5V 200 min 35 min --
2 I, =10 uA 500 max
hep 307€ VCE =57V 225 min --
3 I, =300 u
- 3076 Vop =57V 250 mir --
4 I, = 500 uA
1/ Pulsed: Pulse width s 300 psec, duty cycle s 2%.
NSL-Dk01/1
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TABLE I.-

ELECTRICAL REQUIREMENTS - Continued

Test Test Conditions Limits at Temperature  ‘ Uaits !
Method Tp = Tp = Tp = ;
MIL-STD-750 -55° C! +25° C | +150° C ;
Subgroup 2 ' ?
(Continued)
hFE5 3076 g =5V 250 min -—-
IC = 1 mA
hFE6 3076 VCE =5V 800 min -
' I, =10 mA 1/ : |
VCE(sat) 3071 IC = 1.0 mA 0.3 max Vv :
I_= 0.1 mA : i
o v
Vir 3066 5 Vep =5V 0.5 min ! \4 %
cond B i IC = 100 uA 0.7 max i
) 1
Subgroup 3 é t
oe 3z16 ; VCE =5V 0 min E
i Ip =1.0mh 40 max { mmho
]
i '
hre 3211 ? VCE =5Y 0 min \
‘ IC = 1.0 mA 8.0 x 10 ’
max
ie 3201 i Vog =5V 3.5 K min |-
IC =1 mA 24k K max ohm
h, 3206 Vep =5V 250 min --
IC =+1 mA 900 max
f =1KkHz
Subgroup 4
|th ! 3306 g5V 20 min --
IC = 500 uA TO max
f = 30 MHz
cobo 3236 Vog =57V 5.C max pf
IE =0
100 kHzsfsl MHz
; s
NSL-DLO1/1
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TABLE I.- ELECTRICAL REQUIREMENTS - Continued

Test Test Conditions Limits at Temperature Units'
}.ethod Tp = TA = TA = '
MIL-STD-T50 -55° Cc| +25° C +150° C
Subgroup 4 ’
(Continued)
Cibo 3240 VEB = 0.5V 6.0 max | pf
| Ic =0
' 100 kHzsfsl MHz
NF, 3246 f = 100 Hz 7.5 max db
VCE =5V
IC = 10 pA
Rg = 10 kilohms
NFE 3RL6 f =1KkHz 3 max db
VCE =50V ;
I, =10 uA ?
R, = 10 kilohus
i
NF3 3246 f =10 kHz 2 max ac !
: VCE =5V |
Ic =10 pA
R = 10 kilokms
g
| NF, 3eU6 Vog = 5V 3 max b
Ic = 10 pA
Rg = 10 kilohms
Power bandwidth
of 15.7 kHz with
3 db points e.
10 Hz and 10 kidz
NSL-D401/1
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TABLE II.- ACCEPTANCE REQUIREMENTS

Fxamination Reference Sample Max
or ) Size Allow
Test Defects
External Physicel MIL-STD-T50, Table III. 0
Characteristics method 2066, and
figures 1 and 2
tierein
Electrical
Characteristics
Subgroup 1 Table I herein Table IIIX 0
Subgroup II Table I herein Takle IIT 0o
Subgroup IIT Table I herein Table III 0
Sutgroup IV Table I herein Table III 2
Internal MIL-STD-T50, Table IV 1/
Construction method 2071, and
Analysis figures 2 and 3
herein

1/ Any dcviation from the specified configuration shall be
cause for rejection of the lot.

TABLE III.- SAMPLING TABLE FOR EXTERNAL PHYSICAL CHARACTERISTICS
AND ELECTRICAL CHARACTERISTICS

Lot Size Sample Size Lot Size Sample Size

2-15 2 1,201-3,200 50

16-25 3 3,201-10,000 80

26-90 5 10,001-35,000 125

91-150 8 35,001-150,000 200
151-280 13 150,001-500,000 315
281-500 20 500,001 and cver 500
501-1,200 32
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TABLE IV.- SAMPLING TABLE FOR
INTERNAL CONSTRUCTION ANALYSIS

Lot Size Sample Size
1-99 0
109-999 2
1,000 and over Y
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FIGURE 1. EXTERNAL PHYSICAL CHARACTERISTICS
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CHIP (SEE FIGURE 3)
EUTECTICALLY BONDED

010
.0G7

BASE PLATE
KOVAR (OR EQUIV)
GOLD PLATED
70 M INCH MIN

3

]

INTERNAL LEADS

GOLD 99.9%,.0009/0011 DIA
THERMOCOMPRESSION
BONDED

CAP (TO-8)
GRADE A" NICKEL
WELDED TO BASE

POST HEIGHT .O11/02I
POST GLASS BEAD
027 DIA MIN

SEAL _
g GLASS TYPE D-120
' J HIGH TEMPERATURE

O'JUSION

N _for |
B [:869

LJ EXTERNAL LEADS,TYPE K
- / PER MIL-STD- 1276 (KOVAR OR
EQUIV),.016/019 DIA

GOLD PLATED 70 u INCH.
MIN , TYPICAL

FIGURE 2. CROSS-SECTIONAL CHA.RACTERiSTICS.
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017 e
{ |
.0054
.0044
1 A ATT
ooas .} }
.0040 D'A | ;8??
EMITTER CONTACT,
METALIZED SURFACE, BASE CONTACT,
VACUUM DEFGSITED ALUMINUM METALIZED SURF
VACUUM DEPOSITED
PASSIVATION rlLM ALUMINUM
SILICON DIOXIDE 60CC Efcoﬂ *
S SN e ‘ .0035
CHIP CONTACT .0025
METALIZED SURFACE
\éAcgum DEPOSITED (
OLD ANTIMON
Y . BASE, BORON DOFED
COLLECTOR, SILICON
PHOSPHOROUS DOPED SILICGN emmen
PHOSPHORGUS DOPED
SILICON
SECTION A-A
NOTE:
1. SEIICONDIUCTOR PROCESS: PLANAR
FIGURE 3. CHARACTERISTICS OF SILICON CHIP
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NSL-EL01
GENERAL SUPPORTING DATA SPECIFICATION FOR

NASA SPECIAL LONG-LIFE (NSL) TRANSISTORS

1. SCOPE

1.1 Applicability

This specification is part of the system of Part Control Packages for
controlling NASA Special Long-Life (NSL) parts, described in NASA CR-667u42-1.
This specification is general section E of Part Control Package NSL-L4L0l, and
defines the general supporting data regquirements for NSL transistors. This
specification and the applicable detail supporting data specificetion,
NSL-ELO1/ , are mandatory whenever NSL transistors are specified.
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2. APPLICABLE DOCUMENTS
2.1 Documents
The following documents form a part of this specification to the ex-

tent specified herein. Unless otherwise specifizd herein, the issue in effect
on the date of the part procurement contract shall apply.

SPECIFICATIONS
NASA

NSL-A4O1 General Procurement Specification
for NASA Special Long-Life (NSL)
Transistors

NSL-AL01/ Detail Procurement Specification
for NASA Special Long-Life (NSL)
Transistor, Type NSL-401/

NSL-ChO1 General Part and Manufacturer Selection
and Control Specification for NASA
Special Long-Life (NSL) Transistors

NSL-EL01/ Detail Supporting Data Specification for

NASA Special Long-Life (NSL) Transistor,
Type NSL-401/

2.2 Conflicting Requirements

In the event of conflict between the requirements of this specifice-
tion and any of the documents specified herein or in the applicable detail
supporting data specification, the order of precedence shall be as follows:

a. The applicable NASA Special Long-Lite (NSL) detail supporting
data specification.

b. This general supporting data specification.

c., Specifications referenced herein or in the applicable detail
supporting data specification.

NSL-ELO1
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3. DATA REQUIREMENTS
3.1 Ceneral

A summary of supporting data shali be required by the prime coniractor
in five categories:

a. Part manufacturer survey documentation

b. Line certification survey documentation

c. Part qualification test data

d. Lot acceptanc= test decta

e. Part history.
Data collected shall be sun Jrized by the prime contractor for inclusion in
this specification and the applicable detail supporting data specificatior 1

updated as available,

3.2 Part Manufacturer Survey Documentation

The Part Manufacturer Questionnaire and the survey team report as
required by NSL-CLOl shall be included; also all supporting data for the survey
shall be included in the part manufacturer survey documentation.

3.2 Line Certification Survey Documentation

The Line Certification Checklist and the survey team report as
required by NSL-C4LOl shall be included; also all supporting deta for the
survey shall be included in the line certification surve, documentation.

3.4 Part Qualification Test Data

The part manufacturer shall provide qualification test data as
required by the general and detail procurement specifications, NSL-ALOl and
NSL-AL01/ , respectively. A summary of the results of the qualification
test shall be submitted to the Interagency Data Exchange Program (IDEP).

3.5 Lot Acceptance Test Data

The part manufacturer shall provide lot acceptances test data as
required by the general and detail procurement specifications, NSL-ALQL and
NSL-Ako1/ , respectively.

NSL-ELO1
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3.6 Part History

The pri~e -ontractor shall maintain a history documentation required
by NSU-ALOl, NS ", and the applicable detail srvacificatione. This shall
incluue an ide- ‘tion of the part ‘ icluding a part history of the part
manuiacturer ana n-s processes), a list of all programs involving the use of
each transisto~ (part uscge), and a record ot problems and alerts concerning
the uce of the particular transistor on high-reliability progrems.
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L. ABRRIVIATIONS, SYMBOLS, AND DEFINITIONS

None
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NSL ELO1/1
DETAIL SUPPORTING DATA SPECIFICATION FOR

NASA SPECIAL LONG-LIFE (NSL) TRANSISTOR, TYPE NSL-L01/1i

1. SCOPE

1.1 Applicability

This specification is part of the system of Part Control Packages
for ccntrolling NASA Special Long-Lif= (NSL) parts, described in NASA
CR-66742-1. This specification is detail section E of Part Control Package
NSL-4O1, and defines the detail supporting data requirements for NSL
transistors, type NSL-401/1.

2. APPLICABLE DOCUMENTS
2.1 Documents
The following documents form a part of this specification to the ex-
tent specified herein. Unless otherwise specified herein, the issue in effect
on the date of the part procurement contract shall apply.
SPECIFICATIONS
NASA

NSL-ELOL General Supporting Data Specification for
NASA Special Long-Life (NSL) Transistors

(The documents listed in 2.1 of NSL-EiOl form a part of +his document to the
extent specified Lerein and within the iimitctions of 2.2 of NSL-ELOl.)

2.2 Conflicting Requirements

The requirements of 2.2 of NSu-ELOl apply.

NSL-ELOL/1
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3. DETAIL REQUIREMENTS
3.1 General
The requirements of 3.1 of NSL-E40l apply.

3.2 Part Manufacturer Survey Documentation

a. Part Manufacturer Questionnaire (specified in NSL-ChO1)
b. Survey team report (specified in NSL-CLO1).

3.3 Line Certification Survey Documentation

a. Line Certification Checklist (specifie in NSL-CLOL1)
b. Survey team report (specified in NSL-CLO1).

3.4 Part Qualification Tert Data

a. Electrical and Enmvironmental tests (specified in NSL-ALO1 and
NSL-AL01/1)

b. Failure analysis -- if applicable (specified in NSL-A4Ol and
NSL-ALO1/1)

c. IDEP input summary -- (submitted aft>r completion of the above
data).

3.5 Lot Acceptance Test Data

a. Physical, electrical, and environmental tests (specified in
NSL-A401 2and NSL-ALO1/1)

b. Failure analysis -- if applicable {specified in NSL-A401 and
NSL-A401/1).

3.6 Part History

3.6.1 Part Identification

Nationai Semiconductor Corp. part number NS1704 (JEDEC type
2N2L8L)
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3.6.2 Part Usage

HS308 Program
National has 2N2920 on NASA Marshall APL and device is a
matched pair of the same chip _uvered herein.

Military Qualification for the JAN and JAN TX2NOLQ and 930 per
MIL-S-19500/253B (whick ic the same chip and package as the 2N2L8L4)

Qualified for use on Apollo program by Autonetics (Autonetics
I.I.D.472-0719-004)

Used on military and/or space programs by the following
contracte ~~*

Litton
Hughes
Locki.eed

Barnes.

3.6.3 Problems and Alerts

National will be conducting qualification test in the near
future on the 2N248k4 per MIL-S-19500/376.

National 2N2L48" was placed on high-relisbility specification
at Hughes Aircraft Company on 11,/ 17/6h.

4. ABBREVIATIONS, SYMBOLS, AND DEFINiTTONS

None
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